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SOLDER  —  a  metal  or  alloy  used  in  soldering  for  filling  the  gap 
between  the  components  to  be  joined,  in  order  to  obtain  a  monolithic 
soldered  joint.  Solder  has  a  complete -fusion  temperature  lower  than 
the  initial  melting  temperature  of  the  material  to  be  soldered  and  is 
capable  of  forming  a  strong  bond  with  the  latter,  of  wetting  it  in  the 
liquid  state,  and  of  spreading  over  it  to  fill  the  gap  between  the  sur¬ 
faces  to  be  joined.  The  very  important  characteristic  of  solder  is  its 
ability  to  dissolve  the  base  metal  in  the  molten  state,  forming  a  lay¬ 
er  of  brittle  intermetallides  at  the  contact  site,  penetrating  along 
the  grain  boundaries,  embrittling  the  material  to  be  soldered,  etc. 

The  technical  characteristics  of  solder  vary  in  accordance  with  the 
composition  and  condition  of  the  material  to  be  soldered.  Solders  dif¬ 
fer  in  their  base,  e.g. ,  tin,  cadmium,  zinc,  magnesium,  aluminum,  cop¬ 
per,  nickel,  etc.  solders,  in  their  characteristic  components,  e.g., 
silver,  gold,  palladium,  indium,  gallium,  etc.  solders,  in  their  tech¬ 
nological  characteristics,  e.g.,  self-fluxing,  wide-range,  and  cermet 
(consisting  of  a  mixture  of  powders  that  partially  melt  during  solder¬ 
ing)  solders,  in  their  purpose,  e.g.,  high-hot-strength  and  acid-fast 
solders,  and  in  their  melting  temperature.  Only  completely  meltable 
solders  were  formerely  used. 

Various  partially  meltable  solders  have  been  developed;  these  in¬ 
clude  homogeneous  solders,  which  melt  over  the  crystallization-temper¬ 
ature  range,  and  heterogeneous  cermet  solders,  which  are  employed  in 
the  form  of  mixtures  of  high-  and  low-melting  powders  or  are  produced 
by  sclnterlng  high-melting  powders,  impregnating  them  with  the  low- 
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melting  component  of  the  solder,  and  then  rolling  the  resultant  pro-  ’ 

duct. 

Completely  meltable  solders  can  be  homogeneous  or  heterogeneous. 

The  latter  include  powdered  and  laminar  materials,  whose  melting  usual¬ 
ly  involves  fusion  of  the  lower-melting  component  and  complete  dissolu¬ 
tion  of  the  latter  in  the  higher-melting  component,  as  well  as  eutectic 
solders,  which  melt  as  a  result  of  contact-reactive  fusion.  Such  sol¬ 
ders  can  consist  of  mixtures  of  powders,  of  layers  of  separate  compon¬ 
ents,  or  of  intermediate  alloys.  The  classification  of  solders  as  hard 
and  soft  is  out-dated  and  does  not  correspond  to  the  temperature  char¬ 
acteristics  of  the  various  classes  of  solder  as  they  are  now  defined. 

The  Especially  low-melting  solders  are  alloys  containing  substantial 
quantities  of  bismuth,  indium,  gallium,  or  mercury  and  with  other  ele¬ 
ments  (tin,  lead,  cadmium)  added.  The  eutectic  Cd-Pb-Sn  has  the  high¬ 
est  melting  temperature  (1^5°)  in  this  class.  A  temperature  of  1^5°  is 
the  boundary  between  this  class  and  the  low-melting  solders,  which  are 
based  on  tin,  lead,  cadmium,  and  zinc.  The  unper  temperature  limit  of 
the  low-melting  solders  is  ,  the  melting  point  of  the  lowest-melt¬ 
ing  aluminum-based  eutectics  (A1 -Cu-Mg-Sl;  tc ,  749®).  Aluminum-based 

1  - 

solders  fall  into  the  class  of  IV dlum-melting  solders,  which  also  in¬ 
cludes  solders  based  on  magnesium,  silver,  copper,  and  certain  titan¬ 
ium,  palladium,  and  nickel  alloys.  The  natural  temperature  limit  of 
the  medium-melting  solders  is  1107°,  which  corresponds  to  the  melting 
points  of  solders  ta^cd  on  eutectic  alloys  of  iron-group  metals  with 
boron  (Ni-B,  t®^  1080® ;  Co-B,  t®^  10au°\  tc  the  melting  point  of 
copper,  IO830.  The  upper  temperature  limit  of  the  high-temperatu  e 
solders  can  be  regarded  as  falling  at  the  melting  point  of  the  lowest- 
melting  of  the  known  eutectics  based  on  high-melting  metals  (t®^  1850*). 
Solders  based  on  high-melting  metals  with  a  melting  point  above  18s® 
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belong  the  the  high-melting  class. 

References:  See  the  article  entitled  Soldering- 


N.F.  Lashko  and  S  V.  Lashko 
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SOLDER  FOR  SOLDERING  ALUMINUM  ALLOYS  -  solders  based  on  aluminum, 
zince,  or  tin.  The  table  shows  the  compositions  of  certain  solders. 

Types  P300A,  P425A,  PSr5AKTs,  PAKTs,  V62,  34A,  and  P590A  are  of  low 
plasticity  and  are  used  in  the  form  of  rods,  cast  rings,  or  bars;  type 
34A  is  also  used  in  the  form  of  a  three-layer  foil  (silumin  +  copper  + 

+  silumin).  The  fluxes  used  for  soldering  aluminum  alloys  and  their  com¬ 
positions  are:  34a  flux  —  10  ±  1#  NaF,  8  ±  2#  ZnCl^,  32  ±  3#  LiCl ,  and 
45-50#  KC1,  t*x  -  420°;  FV3  flux  -  40#  KC1,  8#  NaF,  36#  LiCl,  and  l6# 
ZnClg,  t^  =  380-400°  (in  soldering  with  zinc  solders);  F6lA  flux  -  10 ± 

±  0.5#  zinc  fluoroborate,  8  ±  0.5#  ammonium  f luoroborate,  and  82  ±  1# 
triethanolamine.  Type  F6lA  flux  is  suitable  for  assembly  soldering  of 
aluminum  alloys  to  one  another  and  to  steel,  copper,  etc.  ;  it  is  active 
at  temperatures  of  up  to  ~270°  «  1  slow  heating  and  350°  on  rapid  heating. 
Type  F380  flux,  with  a  composition  of  5#  NaF,  10#  ZnCl2,  38#  LiCl,  and 
47#  KC1  is  used  for  bath  soldering. 

On  prolonged  heating  salt  fluxes  containing  ZnCl2  saturate  the 
surface  of  t:  e  alloys  to  t-e  .  acred  with  zinc,  which  leads  to  a  sharp 
reduction  in  their  solderabiiity  and  to  local  melting.  In  soldering 
massive  components  in  furnaces  or  in  massive  assemblies  the  flux  is  con¬ 
sequently  introduced  after  preheating  the  components  or  rapid  heating 
to  the  soldering  is  employed. 

Residues  of  34A,  FV3,  F3&0,  and  other  salt  fluxes  promote  corrosion 
,  in  soldered  joints  and  they  are  therefore  removed  after  soldering  by 
washing  in  hot  and  cold  water  (see  Soldering  of  aluminum  alloys). 


3657 


III-72pl 


Solders  for  Soldering  Aluminum  Alloys 
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1)  Solder;  2)  chemical  composition  {%) ;  3)  other  elements;  ••)  melting- 
temperature  range  (°C)'.  5)  soldering  temperature  (°C);  6)  soldering 


method 

and 

flux  used;  7}  P200A;  8 

)  P250A;  9 

FV25GA;  10) 

P'-OCA;  11) 

Pk25A; 

12) 

PSr^AKTs;  13)  PAKTs;  1 

&)  solder; 

13)  Vo 2;  In) 

P375A;  17) 

P590A; 

18) 

eutectic  silumin;  ly) 

remainder; 

20)  final;  21 

)  abrasive 

ultrasonic;  .'its  flux  Fol,  flame  less  heating  (with  high-frequency  cur¬ 
rent,  electrical  resistance  heating,  heating  in  electric  furnaces); 
with  P30CA,  soldering  with  3‘*A  flux  at  U.o—oC0 ;  22)  in  blew  torch  and 
gas-burner  flames,  wi\,h  nlgr.-f requer.cy  current,  electric  resistance,  in 
electric  furnaces  in  FV3  flux;  23)  in  blowtorch  and  gas-burner  flamer, 
with  high-frequency  current,  electrical  resistance,  in  electric  furna¬ 
ces  with  3^A  flux,  in  flux  baths  with  F?8'  flux. 


For  reference.:-  see  the  article  entitled  soldering  cf  aluminum  a! 
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SOLDER  FOR  SOLDERING  BRONZE  -  See  Solder  for  ooldeinr  ccp^.-r  al- 
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SOLDER  FOR  SOLDERING  COPPER  ALLOYS.  Copper  alloy::  are  .soldered 
with  especially  low-melting,  low-melting,  and  medium-melting  solders 
containing  no  magnesium  or  aluminum  and  having  a  melting  temperature 
below  the  solidus  of  the  alloy  to  be  soldered.  Tin-lead,  copper-phos¬ 
phorus,  silver,  and  copper-zinc  solders  are  most  frequently  used  for 
copper  alloys  (see  Low-melting  solders.  Especially  low-melting  soldo • v 
and  Medlum-mel ting  solders ) . 

In  order  to  prevent  evaporation  of  the  zinc  from  solders  of  the 
brass  type  they  are  alloyed  with  small  quantities  of  silicon  (LOKiiV- 1  - 
-0. 3  and  L0K62-0. 6-0. c  solders).  Copper-phosphorus  and  silver  solder  s 
containing  phosphorus  are  self-fluxing  in  soldering  copper  alloys  I 
air  (provided  that  one  employs  rapid  high-frequency  heating,  electric, 
resistance  heating,  etc.).  Phosphorus-.  Obtaining  solder's  are  not  se.Y- 
fluxing  in  soldering  copper'  alloys  of  the  brass  or  aluminum-,  beryl  i  i 
or  sil icon-bronze  typ  e .  ihar.  is  soldered  with  lew-melting  solders 
based  on  tin,  lead,  an.;  si..'  and  Ait:  mediu:..-me  1 1 1  :.g  solders  cased  « 
silver  aiid  copper  and  navmg  a  iluul.iuc  ( f  us  Ion- 1  e  rm  i:  :a  t.  i  o  n  temperat  , 
lower  than  that  of  the  alloy  to  tc  .  ..Iderel;  ccpp er-ricn  trasses  are 
soldered  with  PL.--  ,  PFr-.y,  PFr  Y,  iFslo,  PSi-IS  and  IF  ..•••  silver  sol¬ 
ders,  cop  p  er-pho;  phor...  o  Sue:.,  c  .d  Iras,  ^ciders  with  o  lower  melt¬ 
ing  temperature,  sect.  a.  i!!l.  ’O.  IMt  ••  Y  ilitsyu,  PF07-*-.  ,  etc.  Type 
PFr**.  silver  s-olde-  Is  generally  u„eJ  for  zinc-rich  brasses  (Leg,  Lt" 
PFC7---F  copper  .d  ie.-  and  IfUs  *-.  a;.s  iWts--  -  trass  solders  &r.  be  em¬ 
ployed  lYr  .  cltits  n.,t.  .  .Fr.ject  tc  impost  loads  or  substantial  vibration 
leads.  See  Soldering  cf  copper  alleys. 
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Referencea:  See  the  article  entitled  Holderln^  of  ,;0{<p,.r  aljo^ 

N.P.  Lanhko  and  ;:.v.  La.nhkr, 


SOLDER  FOR  SOI MERINO  HIGH-HOT-STRENGTH  ALLOYS.  Nickel  and  palla¬ 
dium  solders  are  most  suitable  for  soldering  high-hot-strength  alloys. 
Nickel  solders  are  given  low  melting  points  by  basing  them  on  eutectic 
alloys  of  nickel  with  bromine,  silicon,  beryllium,  and  phosphorus, 
which  have  melting  temperatures  of  1080°,  1150°,  1155°,  and  880°  respec¬ 
tively,  arid  on  alloys  containing  a  continuous  series  of  solid  solutions 
with  a  minimal  melting  temperature  (e.g.,  Ni-Mn  alloys).  Nickel  solders 
ased  on  Ni-B,  Ni-Be,  and  Ni-Si  eutectics  are  brittle  and  are  used  in 
he  form  of  cast  bars,  powder,  and  paste  (for  example,  mixed  with 
acrylic  resin  and  R-‘,  solvent).  Such  solders,  which  contain  B  and  Be, 
intensively  dissolve  the  .material  to  be  soldered  and  have  a  low  hot 
.  ■■ength  and  heat  resistance.  Addition  of  chromium,  molybdenum,  tung¬ 
sten,  aluminum  or  titanium  inc  eases  their  hot.  strength  and  heat  re¬ 
sistance.  However,  addit ion  of  aluminum  and  titanium  has  a  negative 
influence  on  the  tecs  noUyiea’  e:  *u  aeteristics  of  the  solder  and  the 


flowabilit  ,•  arm  mi>ati!itv  if  ! 


metal.  The  heat  resistance  and 


hot  stre.ngth  of  nickel 


■  f  this  type  remains  considerably  lower 


than  tint  c  f  i.n*>  mat  e  .  .  t  t.  he  ...  tiered  after  addition  of  chromium 
and  mo.!  y  I  donum.  The  la  t-  t'-eugli;  cf  .hints  produced  with  these  solders 
may  be  in  reason  by  <ii  t’i'usion  of  the  colder  components  into  the  base 
metal  on  prolonged  heating  of  the  soldered  components  at  a  temperature 
near  the  solidus  of  the  solder  (>:i  f  fusion  .  ulderirig).  Of  the  aforemeri- 
t i i  ueu  eu-monts,  j  hosphe-rus,  has  a  .'heater  tendency  to  diffuse  and  man¬ 
ganese  a  lesser  tendency. 
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TABLE  1 

Characteristics  of  Soldered  Joints  in  KHN77TYuR  Alloy 
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1)  Solder;  2)  solder  system:  3)  shear  resistance  (kg/ 
/mm2)  at  temperature  of  (°C);  4)  form  of  colder;  3) 
PZh45(67);  6)  G40NKh;  7)  VPr3;  8)  foil,  bars;  9)  the 
same;  10)  paste,  powder,  bars. 

TABLE  2 


Hot  Strength  of  Joints 
Soldered  in  KhN77TYuR 
Alloy  with  VPr3  Solder 
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(kg/mm^);  5)  time  to  fracture  (hr). 


Solders  based  on  solid  .-elutions,  in  which  manganese  plays  an  im¬ 
portant  role,  reducing  their  melting  temperature,  are  relatively  plas¬ 
tic  (foil  can  be  produced  from  them  by  rolling).  In  this  case  the  hot 
strength  and  heat  resistance  of  soldered  joints  can  be  increased  by 
alloying  the  solder  with  chromium  or  by  alloying  the  joints  themselves 
with  components  of  the  base  material  during  diffusion  soldering. 

A  typical  example  of  solders  alloyed  with  elements  that  form  low- 
melting  eutectics  wit:  nickel  is  nikebreys  ( lt-&  Cr,  B,  Si,  Fe, 
1#  C,  and  the  remainder  nickel;  soldering  t°  -  1 150-1 ls0° ) ;  complex 
alloying  is  employed  in  certain  solders. 


566^ 


such  as  SMpo  (lb?  Cr,  3-5^  Be, 
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4.5$  Si,  and  the  remainder  nickel;  soldering  t°  -  1030° ) .  Examples  of 
solders  based  on  solid  solutions  include  that  containing  40#  Ni  and  60# 
Mn  and  solders  of  this  type  additionally  alloyed  with  chromium. 

There  are  solders  based  on  high-hot-strength  nickel  alloys  hard¬ 
ened  with  an  intermetallic  phase  based  on  Ni^(AlTi);  their  melting  tem¬ 
perature  can  be  reduced  by  adding  substantial  quantities  of  manganese. 
These  solders  have  lower  technological  characteristics  and  are  more 
brittle  than  those  based  on  Ni-Cr-Mn  alloys. 

Nickel  solders  containing  boron,  beryllium,  and  phosphorus  are  dis¬ 
tinguished  by  an  increased  tendency  to  dissolve  high-hot-strength  al¬ 
loys  during  soldering,  while  those  containing  boron  and  beryllium  tend 
to  penetrate  between  the  grains  of  the  base  material  and  are  unsuitable 
for  soldering  thin-walled  structures.  Solders  alloyed  with  silicon  and, 
especially,  manganese  have  a  comparatively  low  dissolution  capacity 
and  no  tendency  toward  intergranular  penetration  of  the  base  material 
and  consequently  can  be  used  for  soldering  at  high  temperatures  and 
with  long  holding  times.  Solde  'ing  with  nickel  solders  is  usually  car¬ 
ried  out  with  furnace  heating  and  less  frequently  with  high-frequency 
heating  or  in  gas-burner  flames.  Other  heatiry  methods  are  also  possi¬ 
ble,  including  salt  baths,  elect  -leal  resistar.  e  heating,  etc.  Depend¬ 
ing  on  the  composition  -'f  t  -  material  to  be  soldered,  furnace  heating 
is  conducted  in  various  gases  or  in  a  vacuum;  alloys  of  type  Kh?0N80T 
(EI435)  and  cobalt  alloys  are  soldered  in  dry  hydrogen  with  a  dew  point 
2  “bD°,  while  alloys  of  type  KhN77TYuR  (EI^37B)  are  soldered  in  a  va¬ 
cuum  with  a  residual  pressure  of  no  more  than  1  nm  Hg.  Good  soldered 
joints  are  obtained  when  the  chamber  is  preliminarily  cleaned  with  pur¬ 
ified  argon.  Joints  in  KhN77TYuK  alloy  soldered  with  Ni-Cr-Mn  solders 
can  function  at  temperatures  of  up  to  800-650°,  while  those  soldered 

with  Ni-Cr-Sl-Co  and  Nl-Cr-Si-Ta  solders  can  function  at  up  to  98O- 
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1000°.  Table  1  shows  the  shear  resistance  of  joints  soldered  in  KhN77T 
KhN77TYuR  alloy  with  certain  Soviet  solders,  while  Table  2  shows  the 
hot  strength  of  joints  soldered  in  KhN77TYuR  alloy. 

Assemblies  of  high-hot-strength  and  heat-resistant  nickel  alloys 
and  steel  can  also  be  soldered  with  palladium  solders  based  on  Pd-Ni, 
Pd-Ni-Cr,  which  has  a  melting  temperature  of  up  to  1250°  and  forms 
soldered  joints  heat-resistant  to  temperatures  above  900°,  and  Pd-Ag- 
M u  and  Pd-Ag-Cu,  which  have  a  lower  soldering  temperature  and  form 
joints  heat-resistant  to  500-800°.  Palladium  solders  are  plasti:  and 
have  a  low  dissolution  capacity  with  respect  to  the  base  material.  High- 
hot-strength  nickel  alloys  can  be  soldered  with  palladium  solders  in 
a  vacuum  or  in  argon  activated  with  gaseous  fluxes  (BF-,,  etc.).  See  Sol¬ 
der  for  soldering  steel. 

References:  Gorokhov,  V.A.,  Skrlpov,  M. I. ,  Vestn.  mashinostroyeni- 
ya  [Herald  of  Machine  Building],  1955,  No.  7,  page  ^7;  Herrschaft,  D.C., 
The  Evolution  of  Ductile  High-Temperature  Brazing  Alloys,  Metal  Progr. , 
1961,  Vol.  80,  No.  3,  page  97;  Feduska,  W. ,  New  Alloys  for  Brazing  Heat- 
Resisting  Alloys,  Weld.  J. ,  196c,  Vol.  39,  No.  7;  Perry,  E.R. ,  Brasage 
a  haute  temperature  par  apport  d'alliages  au  palladium  [ 

],  Bull.  Soc.  Roy.  Eelge  Elec¬ 
trician^  [Bulletin  of  the  Royal  Belgian  Society  of  Electricians j ,  1^60, 
Vol.  76,  No.  2,  page  171;  see  also  the  article  entitled  Soldering. 
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SOLDER  FOR  SOLDERING  HIGH-MELTING  METALS  AND  THEIR  ALLOYS  -  see 
Soldering  of  hlgh-meltlng  metals  and  their  alloys. 
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SOLDER  FOR  SOLDERING  LEADS.  Low-melting  solders  (tin-lead,  lead, 
and  cadmium),  are  used  for  soldering  copper  leads,  while  tin-zinc, 
cadmium-zinc,  and  zinc  solders  are  used  for  aluminum  lead:;.  The  princi¬ 
ple  requirements  imposed  on  soldered  joints  in  wire  are  sufficiently 
high  corrosion  resistance,  electrical  conductivity,  and  high  hot 
strength.  Joints  soldered  in  copper  wires  with  tin-lead  solders  (TOfiy  , 
TOS40,  and,  less  frequently,  P0S18)  exhibit  satisfactory  corrosion  re¬ 
sistance  and  can  function  at  temperatures  of  up  to  -100°,  while  those 
made  with  silver-lead  solders  (PSr3,  PSr2.5)  are  hot-strong  at  tempera¬ 
tures  of  up  to  200-250°;  joints  made  with  cadmium  solders  (PSr3Kd  etc.) 
exhibit  the  greatest  hot  strength  at  temperatures  of  £200°.  Lead  anu 
cadmium  solders  have  lower  technological  characteristics  than  tin-lead 
solders.  The  wetting  power,  spreading  capacity,  and  flowability  of  sol¬ 
ders  of  type  PSr3  is  somewhat  improved  by  alloying  with  tin  (PSr2.5 
solder).  Cadmium  solders  have  a  tendency  toward  Intensive  oxidation, 
pronounced  dissolution  of  copper,  and  formation  of  a  layer  of  brittle 
intermetallides  along  the  boundary  between  the  seam  and  the  base  metal, 
the  latter  weakening  the  joint.  In  soldering  copper  wire  with  cadmium 
solders  there  is  consequently  a  danger  of  extreme  tapering  of  the  wire 
near  the  chamfer  (especially  at  a  wi’-e  diameter  of  less  than  0.8-0. 7  run) 
and  a  decrease  in  joint  strength.  In  order  to  prevent  intensive  disso¬ 
lution  of  copper  in  cadmium  solders,  soldering  should  be  conducted  as 
rapidly  as  possible,  without  interruption,  repetition,  ov  overheating 
of  the  solder,  using  sufficiently  powerful  regulable  electric  solder¬ 
ing  guns  cr  resistance  or  Induction  heating.  Thus,  for  example,  in  sol- 

3668 


dering  fine  copper  wire  (with  a  diameter  of  0.5-0. 8  mm)  the  time  for 
which  it  is  in  contact  with  the  molten  solder  should  not  exceed  30  sec 
and  the  soldering  temperature  should  be  no  higher  than  -400°.  Joints 
made  with  PSr3Kd  cadmium  solder  are  strongest  whe \  heating  is  carried 
out  with  carbon  electrodes.  In  order  to  ensure  sufficiently  high  corro¬ 
sion  resistance,  copper  wire  is  soldered  with  rosin-alcohol  fluxes, 

LK2  flux,  NICO  paste,  or  LTI120  flux;  any  residue  of  LK2,  NICO,  or 
LTI120  flux  is  removed  by  rubbing  the  joint  with  waste  wetted  in  ethyl 
alcohol.  Cadmium  solders  are  also  used  with  FK50  flux,  in  the  form  of 
a  30-50$  aqueous  solution.  The  residue  of  FK50  flux  is  thoroughly  re¬ 
moved  by  subsequent  rinsing  (see  Low-melting  solders).  Cadmium  solders 
are  more  conductive  (by  a  factor  of  2-1.5)  than  tin-lead  or  lead  sol¬ 
ders. 

Aluminum  leads  are  soldered  by  the  abrasive  or  ultrasonic  method 
with  solders  containing  tin,  zinc,  silver,  cadmium,  and  aluminum  (up 
to  20$  Al)  arid  having  a  melting  temperature  of  150-450°.  The  principal 
shortcoming  of  joints  made  in  aluminum  wire  with  solders  containing 
less  than  30-35$  Z n  is  their  low  corrosion  resistance;  such  joints 
must  be  protected  from  humid  air  and  water  with  lacquer  coatings  and 
insulating  materials.  A  higher  corrosion  resistance  is  displayed  by 
joints  made  with  solders  of  type  PjOOA  and  with  solders  of  compositions 
A  and  B:  solder  A  -  5h$  Zn,  ’*0$  Sn,  and  1.5-2$  Cu,  t°^  400-425*;  sol¬ 
der  B-  80$  Zn,  8#  Cu,  and  12$  Al,  t°:  4lC°. 

References :  Apukhtin,  G. I. ,  Tekrnclogiya  payki  uontazlnykh  soyed- 
ineniy  v  priborostroyenil  [Tecljiiques  for  Soldering  Fitting  Joints  in 
Instrument  Building],  Moscow-Leningrad,  1957;  Maksimlkhin,  BA. ,  Payka 
metallov  v  priborostroyenil  (Soldering  of  Metals  in  Instrument  Build¬ 
ing],  Leningrad ,  1'yV*;  Kromchenko,  G.Ye.,  Soyedlneniye  i  okontsevaniye 
mednykh  i  alyuminiyevykh  provodtv  1  kabeley  [Oolnlng  and  Finis;. ing  of 
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Copper  and  Aluminum  Leads  and  Cables],  Moccow-Lenin^rad,  l'f/j. 

N.F.  Lar,hko  and  C.V.  Lachko 
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SOLDER  FOR  SOLDERING  MAGNESIUM  ALLOYS  -  see  Soldering  of  magnesium 
alloys. 
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SOLDER  FOR  SOLDERING  NICKEL  ALLOYS  -  silver,  nickel,  tin-lead, 
copper,  and  brass  solders.  Aluminum-,  magnesium-,  and  titanium-based 
solders  form  brittle  joints  in  nickel  alloys  and  therefore  are  not  em¬ 
ployed  (see  Low-melting  solders  and  Medium-melting  solaers). 

Solder  selection  is  dictated  by  the  purpose  for  which  the  alloys 
and  components  to  be  soldered  are  Intended.  Low-melting  tin-lead  sol¬ 
ders  are  suitable  for  soldering  components  to  function  at  temperatures 
of  no  higher  than  100°.  These  solders  are  used  with  LK2,  LTI120,  NICO, 
and  other  rosin-alcohol  fluxes.  Silver  solders  are  used  for  soldering 
alloys  with  a  high  nickel  content  to  one  another  and  to  ether  metals 
and  alloys;  PSr4o  and  PSr45  solders  are  used  for  solde.-ing  temperature 
of  up  to  650-700°.  When  the  soldered  joints  must  satisfy  Increased  re¬ 
quirements  for  corrosion  resistance  solder  with  a  higher  silver  con¬ 
tent  (£50#)  is  used. 

Copper  and  nickel  form  a  continuous  series  of  solid  solutions. 
Considerable  dissolution  of  the  base  material  in  the  solder  consequent 
ly  occurs  when  soldering  copper,  this  phenomenon  being  accompanied  by 
a  rise  In  the  melting  temperature  of  the  liquid  phase,  expansion  of  it 
crystallisation  range ,  and  a  decrease  in  its  flowability.  Ir.  soldering 
copper  the  solder  must  be  carefully  measured  out  and  applied  as  close 
as  possible  to  the  gap  (or  introduced  into  the  gap)  and  heating  must 
be  conducted  at  temperatures  near  the  working  soldering  temperature- 

Components  of  hig: -het-r ♦ rength  and  heat-resistant  nickel  alleys 
are  soldered  witr.  special  nickel  and  palladium  solders  (see  Colder  for 
soldering  hlgh-hot-s* rength  alloys). 
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References:  See  the  article  entitled  Soldering  of  nickel  alloys. 
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SOLDER  FOR  SOLDERING  STEEL  —  solders  based  on  tin,  lead,  silver, 
copper,  and  nickel.  Iron,  aluminum,  cadmium,  and  zinc  solders  are  un¬ 
suitable  for  soldering  steel.  Iron  solders  have  a  relatively  high  melt¬ 
ing  temperature  (21250°),  while  those  with  lower  melting  temperatures 
have  a  very  strong  tendency  to  dissolve  steel  during  soldering.  Alumin¬ 
um  and  zinc  solders  form  brittle  joints  that  tend  to  exfoliate;  cad¬ 
mium  solders  exhibit  a  poor  wetting  capacity  and  flowability. 

Solders  based  on  Sn-Pb  and  Cu-Zn,  silver  and  nickel  solders,  and 
copper,  with  the  appropriate  fluxes  or  gaseous  media,  are  used  for  sol¬ 
dering  steel  (see  Medium-melting  solders.  Low-melting  solders,  and 
Solders  for  soldering  nlgh-hot-strength  alloys).  Lead  solders  have  low 
technological  characteristics  in  comparison  with  tin-lead  solders.  Sil¬ 
ver  solders  (based  on  Ag-Cu,  Ag-Cu-Zn,  or  Ag-Cu-Zn-Cd)  have  a  tendency 
to  spread  rapidly  and  to  form  localized  Incrustations  on  the  coated 
surface.  Copper  as  a  solder  is  characterized  by  an  ability  to  flow  in¬ 
to  very  narrow  gaps  and  to  coat  the  surface  to  be  soldered  rapidly,  es¬ 
pecially  when  soldering  in  a  furnace  with  a  reducing  atmosphere  (diy 
hydrogen,  dissociated  ammonia).  The  copper-zinc  solders  with  the  great¬ 
est  ability  to  spread  and  to  form  strong,  plastic  joints  are  L62,  L68, 
and  LGK59-1-0.3  brasses.  Brasses  with  a  higher  zinc  content  (PMts3o, 
PMts^S,  and  fM“:s5^)  are  of  low  plasticity  and  less  strong  and  are  rare¬ 
ly  used.  Addition  of  tin  to  L62  or  L68  brass  improves  its  spreadability 
on  steel,  while  audition  of  silicon  prevents  evaporation  of  the  zinc. 

Copper-manganese  solders  (>15%  MN)  with  a  varying  nickel  content 

I 

(10-30%  Ni)  have  a  very  strong  tendency  to  form  pores  in  the  joints 
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when  soldering  with  200  or  201  flux  in  a  gas-burner  flame  and  are  conse¬ 
quently  used  principally  for  soldering  in  flowing  argon  or  gaseous 
fluxes  in  electric  furnaces.  Addition  of  several  tenths  of  a  percent  cf 
lithium  or  lithium  and  boron  makes  copper,  copper-manganese,  and  cer¬ 
tain  silver  solders  self-fluxing  in  pure  flowing  argon. 

When  covered  with  flowing  argon  the  surface  of  Khl8N9T  stainless 
steel,  which  is  stabilized  with  titanium,  is  poorly  wetted  by  self- 
fluxing  silver  solders  (e.g. ,  PSr72IMN).  Activation  of  PSr72IMN  solder 
by  addition  of  Ti  (-0.12$)  or  Zr  (~1$)  ensures  good  wetting,  smooth 
chamfers,  and  an  increase  in  joint  strength  under  these  same  condi¬ 
tions  (at  a  soldering  temperature  of  96O-IO5O0). 

Silver  and  copper  solders  containing  no  lithium  and  nickel  solders 
are  suitable  for  soldering  stainless  steel  in  a  vacuum,  in  mixtures  of 
dry  argon  and  gaseous  fluxes  (BF^,  etc.),  or  in  very  dry  hydrogen  with 
a  dew  point  of  from  —40°  to  — 70° .  However,  solders  alloyed  with  zinc, 
cadmium,  or  substantial  quantities  of  manganese  are  unsuitable  for 
vacuum  soldering  as  a  result  of  their  increased  evaporability.  Addition 
of  small  amounts  of  palladium  (1-6$)  to  Ag-Cu  solders  ensures  compact 
joints  capable  of  functioning  under  vacuum  conditions. 

In  vacuum  soldering  manganese-containing  nickel  solders  are  char¬ 
acterized  by  reduced  flowabilitv,  a  tendency  to  form  convex  chamfers 
and  "beads"  at  the  points  of  solder  application,  and  interdendrltlc 
porosity  in  the  joint. 

Joints  made  in  high-hot-strength  steels  with  tin-lead  solders  are 
capable  of  functioning  for  prolonged  periods  at  temperatures  of  up  to 
-100°,  while  those  made  with  silver  solders  can  function  at  up  to 
~i;00-9b0°;  the  extremely  high-hot-strength  silver  solder  PSr8b-15  forms 
joints  that  oxidize  in  air  at  temperatures  above  500°;  the  copper- 
nickel-manganese  solders  VPr2  and  VPr4  and  the  copper-nickel  solder 
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VPrl  form  joints  that  can  function  for  brief  periods  at  up  to  ~600° ; 
Joints  made  with  nickel  solders  alloyed  with  chromium  (10-20$)  are 
hot-strong  and  heat-resistant  at  temperatures  of  up  to  800-1000°.  Thin- 
walled  structures  of  stainless  and  high-hot-strength  steels  intended 
to  operate  for  prolonged  periods  at  elevated  temperatures  are  soldered 
with  palladium  solders  based  on  Pd-Ni  or  Pd-Ni-Mn,  occasionally  with 
chromium,  silicon,  beryllium,  gold,  or  aluminum  added.  Palladium  sol¬ 
ders  melt  over  a  relatively  broad  tempereture  range  (810-15^2°).  Pure 
palladium  is  used  as  a  solder  in  some  cases. 

Palladium  solders  based  on  Pd-Ni  or  Pd-Ni-Cr  form  heat-resistant 
jcints  that  can  function  at  temperatures  above  900°;  solders  based  on 
Pd-Ag-Mn  or  Pd-Ag-Cu  have  a  lower  heat  resistance  (up  to  500-800°). 
Palladium  solders  arc  distinguished  by  low  low  erosivity  and  good  plas¬ 
ticity.  Steels  are  soldered  with  palladium  solders  in  a  vacuum  or  an 
atmosphere  of  argon  activated  with  gaseous  fluxes.  High-temperature 
solders  corresponding  to  the  temperature  from  which  the  tool  is  to  be 
quenched  after  soldering  are  used  for  tool  steels:  copper  is  employed 
for  carbon  steels,  while  welding  powders  containing  ferrous  alloys  and 
fluxes,  complex-alloy  copper  solders,  and  solders  containing  nickel, 
zinc,  iron,  and  silicon  (types  GFK  and  GPF)  are  used  for  high-speed 
steels. 

References:  Kulikov,  F.V.  and  Lekhtsiyer,  I.P.,  Tverdaya  payka 
[Solid  Soldering],  Moscow-Leningrad,  1959;  Feduska,  W. ,  New  Alloys  for 
Brazing  Heat-Resisting  Alloys,  Weld.  J.,  i960,  Vol.  39,  No.  7. 

N.F.  Lashko  and  S.V.  Lashko 
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SOLDER  FOR  SOLDERING  THIN-WALLED  STRUCTURES.  The  quality  of  solder¬ 
ed  joints  in  thin-wa.i led  structures  depends  principally  on  the  ability 
of  the  molten  solder  to  dissolve  the  base  material  during  soldering. 

This  dissolution  can  be  local  or  general,  reducing  the  thickness  of  the 
material  and  leading  to  undercutting  or,  in  certain  cases,  complete 
fracture  ("eating  away")  cf  the  component  being  soldered.  Local  disso¬ 
lution  can  be  intergranular,  extending  into  the  base  material,  or  super¬ 
ficial.  Thin-walled  structures  are  soldered  with  solders  that,  when 
molten,  to  not  tend  to  dissolve  much  of  the  base  material  under  a  pre¬ 
determined  soldering  regime  (temperature  and  time).  Thin-walled  struc¬ 
tures  of  stainless  austenitic  steel  can  be  soldered  with  copper  or  cop¬ 
per  alloys  (VPrl  and  VPr2  solders),  which  do  not  markedly  dissolve  the 
base  material,  and  with  solders  having  compositions  of  72$  Ag  and  28$ 

Cu,  Ni-Cr-Mn,  and  Ni-Cr-Si,  which  also  dissolve  little  of  the  steel  on 
severe  overheating  (to  more  than  200°  above  the  working  soldering  tem¬ 
perature  for  1  hr).  Manganese  solder  of  type  G70  and  L62  brass  are  un¬ 
suitable  for  this  purpose,  intensively  dissolving  stainless  steel.  In 
using  these  solders  they  must  be  carefully  measured  out  and  applied  as 
close  as  possible  to  the  gap  (they  are  best  introduced  directly  into 
the  gap);  substantial  overheating  or  prolonged  contact  between  the  base 
metal  and  the  liquid  solder  is  impermissible.  Nickel  solders  alloyed 
with  boron  intensively  dissolve  stainless  steel,  penetrating  deep  along 
its  boundaries,  and  are  unsuitable  for  soldering  thin-walled  structures. 
Thin-walled  articles  of  high-hot-strength  nickel  alloys  of  types 
KhN77TfuR  (EI^37B)  and  Kh20N80T  (EIU35)  are  soldered  with  Nl-Cr-Mn 
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solders,  although  Nl-Cr-Sl  solders  can  also  be  employed.  Copper  and 
nickel  solders  alloyed  with  boron,  beryllium,  zirconium,  or  phosphorus, 
which  tend  to  dissolve  a  great  deal  of  the  base  material,  and  solders 
containing  boron  (and  sometimes  beryllium),  which  penetrate  between  the 
grains  of  the  base  material,  are  unsuitable  for  this  purpose.  Palladium 
solders,  which  dissolve  little  of  the  material  to  be  soldered,  are  al¬ 
so  used  for  thin-walled  structures  of  stainless  steel  and  nickel  alloys 
(see  Solder  for  soldering  steel).  It  is  dangerous  to  solder  thin-wall¬ 
ed  structures  of  copper  and  its  alloy  with  Ag-Cu  silver  solders  or  cop¬ 
per-phosphorus  bronze  or  to  solder  structures  of  cupronickel  alloys 
with  copper.  All  these  solders  intensively  dissolve  the  base  material 
find  must  be  used  with  the  precautions  mentioned  above.  In  soldering 
with  low-melting  solders,  copper  has  a  tendency  to  dissolve  in  zinc, 
cadmium,  and  tin  solders. 


N.F.  Lashko  and  S.V.  Lashko 
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SOLDER  FOR  SOLDERING  TITANIUM  ALLOYS.  Silver-rich  solders  are  the 
most  suitable  for  this  purpose,  forming  the  comparatively  plastic  in- 
termetallide  TiAg  when  they  react  with  titanium  and  its  alloys.  The 
soldered  joints  exhibit  fracture  of  the  plastic-shear  type  along  the 
seam.  Aluminum  is  an  alternate  base  for  Medium-melting  solders  for 
soldering  titanium  alloys.  Aluminum  solders  are  used  for  soldering  ti¬ 
tanium  to  aluminum  alloys  (see  Soldering  of  titanium  alloys). 


Solders  for  Soldering  Titanium  Alloys  and  Shear 
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♦For  the  chemical  compositions  of  these  solders 
see  the  table  in  the  article  entitled  Medium- 
m  c  l  ting  solders. 

♦♦Corrosion  resistance  in  certain  media  is  re¬ 
duced  when  silver  and  titanium  are  in  contact. 
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1)  Solder;  2)  material  to  be  soldered  (8  mm  thick);  3)  plating;  4 )  col- 
dering  regime  and  heating  method;  5)  coldering  medium;  0)  shear  resist¬ 
ance  (kg/mm2);  7)  silver;  8)  PSr90;  9)  PSr85-15;  10)  PSr?2;  11)  PSr72 
LMN;  12)  PSrMo68-27-5;  13)  PSr50:  14)  PSr45;  15)  PSr40;  16)  VT1;  17) 
0T4;  18)  VT3-1;  19)  0T4  and  lKhl8N9T;  20)  0T4  and  BrKh0.8;  21)  VT3-1 
and  lKhl8N9T;  22)  VT3-1  and  BrKhO.8;  23)  nickel  (chemical  deposition); 
24)  the  same;  25)  electric  furnace;  26)  min;  27)  high-frequency;  28) 
oxyacetylene  torch;  29)  argon;  30)  vacuum;  31)  flux. 

Solders  based  on  zinc,  copper,  nickel,  and  many  other  metals  are 
unsuitable  for  soldering  titanium  alloys,  since  they  form  very  brittle 
joints  and  intensively  dissolve  the  base  material.  The  presence  of 
these  metals  (zinc,  copper,  nickel,  manganese,  etc.)  in  silver  or  alum¬ 
inum  solders  also  leads  to  embrittlement  of  the  joints  and  intensive 
dissolution  of  the  titanium  in  the  colder.  Thus,  for  example,  the 
shear  resistance  of  joints  made  in  VT1  alloy  with  solder  containing 
Ag  and  15#  Mn  amounts  to  15-20#  of  that  of  the  solder,  while  that  of 
joints  made  with  PSr50  solder  amounts  to  30-35#  of  that  of  the  solder. 
The  strength  of  soldered  joints  is  reduced  both  by  embrittlement  of  the 
joint  itself  and  by  dissolution  of  the  base  metal  in  the  solder  and 
the  resultant  thinning  of  the  former  at  the  points  of  solder  applica¬ 
tion,  this  being  especially  dangerous  in  soldering  thin-walled  struc¬ 
tures.  Satisfactory  joints  can  be  obtained  with  silver-rich  solde"s 
when  the  soldering  time  and  temperature  are  strictly  limited  or  when 
diffusion  soldering,  which  involves  dispersion  of  the  lntermetallide 
TiAg,  is  employed.  Silver  solders  alloyed  with  considerable  quantities 
of  copper,  cadmium,  and  zinc  can  be  used  with  the  appropriate  fluxes 
in  welding  components  with  an  applied  intermediate  laye’-,  as  of  nickel 
(deposited  chemically).  However,  heating  should  be  rapid  in  this  case 
(employing  high-frequency  current,  gas  torches,  or  the  electrical-re¬ 
sistance  method),  especially  in  soldering  titanium  alloys  to  steel  and 
copper  alloys.  The  table  shows  the  recommended  soldering  temperatures 
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and  strength  characteristics  for  soldered  joints.  Tin  and  P0S61  solder 
are  also  employed  for  soldering  titanium  alloys. 

References :  Clark,  E.J.,  Vacuum  Diffusion  Processing  of  Titanium 
Components  Produces  Joint  Strength  Equla  to  that  of  Base  Metal,  Weld. 

J. ,  1959,  Vol.  38,  No.  6,  page  251. 

N.F.  Lashko  and  S.V.  Lashko 


h 


I 


i 

i 

* 


i 


3681 


II-2P-1 


SOLDERING  -  inseparable  Joining  of  solid  materials  by  filling  the 
gap  between  them  with  a  relatively  low-melting  liquid  alloy  (solder) 
and  forming  a  strong  bond  between  the  soldered  Joint  and  the  materials 
being  soldered. 

Metallic  and  nonmetallic  (graphite,  ceramics,  glass,  etc.)  materi¬ 
als  can  be  Joined  by  soldering.  Adhesion  in  the  soldered  joint  general¬ 
ly  results  from  a  physicochemical  diffusion  reaction  between  the  liquid 
phase  (solder)  and  the  material  to  be  soldered  and  subsequent  crystal¬ 
lization.  Before  soldering  the  surface  of  the  components  and  the  solder 
should  be  cleaned  of  oxides,  oil,  and  other  contaminants,  which  hinder 
contact  and  development  of  strong  adhesion  between  the  metal  to  be  sol¬ 
dered  and  the  solder.  Grease,  oil,  and  other  contaminants  are  removed 
from  the  surface  of  the  components  to  be  soldered  by  wiping  or  rinsing 
with  solvents  or  with  ultrasound.  Oxides  are  removed  by  mechanical  or 
chemical  means.  Mechanical  techniques  Include  sand-blasting  (for  steel) 
and  use  of  steel  or  fiber  brushes,  emery  paper,  an:?  scrapers.  Mechani¬ 
cal  surface  cleaning  is  employed  for  steel,  copper  and  its  alloys,  and 
nickel  and  its  alloys.  Etching  in  special  solutions  is  more  reliable 
for  aluminum,  aluminum  alloys,  magnesium,  and  titanium.  Etching  gives 
metal  surfaces  a  more  favorable  micrcfinlsh  for  soldering  than  doer  me¬ 
chanical  cleaning.  Etching  is  also  mere  efficient  than  mechanical 
cleaning  in  serial  production.  In  order  to  remove  oxides  from  the  sur¬ 
face  of  the  metal  to  be  soldered  and  the  liquid  solder  and  to  protect 
them  from  oxidation  during  soldering  special  substances  (fluxes)  are 
used  and  soldering  is  carried  out  in  protective  gases  or  in  a  vacuum. 
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Physicomechartcal  Characteristics  of  Pavinols 
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1)  Characteristic;  2)  haberdashery  pavinol  (leather  substitute)  (TU 
796-52);  3)  aviation  pavinol;  4)  PA  (TU  1-59);  5)  PA-1  (STU  18-413-62); 
6)  cloth  base,  weave:  7)  width  (era,  no  less  than);  8)  thickness  (mm); 

9)  weight  of  1  m2  (g);  10)  tensile  strength  of  strip  25  x  100  mm  in 
size  (kg,  no  less  than);  10a)  warp;  10b)  woof;  11)  wear  in  Fedorov  de¬ 
vice  under  load  of  500  g  (sec,  no  less  than);  12)  frost  resistance  at 
-25°;  13)  combustibility;  14)  cotton  cloth  of  byaz*  type,  weave  36;  15) 
cotton  cloth  of  moleskin  D  type;  16)  AP  fiberglass  cloth;  17)  percale 
A-85  cotton  cloth  impregnated  with  fire-retardant  substance,  weave 
4234;  18a)  small  patterns  -  370  +  50;  18b)  large  patterns  -  400  +  50; 
19)  coating  does  not  crack  when  specimen  Is  bent  around  rod  10  ram  in 
diameter;  20)  burns;  21)  does  not  burn  or  smolder  when  flame  is  re¬ 
moved. 
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Classification  of  soldering  techniques  by  method  of  heating  the  compo¬ 
nents  to  be  soldered  and  by  method  of  removing  the  oxide  film  from  the 
surface  of  the  components  to  be  soldered  and  the  solder,  l)  Classifica¬ 
tion  of  soldering  techniques  bv  method  of  heating  the  components  to  be 
soldered;  2)  heating  method;  3)  by  thermal  conduction;  4)  in  liquid  me¬ 
dium;  5)  in  gaseous  medium:  6)  with  solid  body;  7)  heating  with  quartz 
heat -radiating  elements;  8)  flame  heating;  9)  soldering  In  liquid  sol¬ 
ders;  10)  soldering  in  liquid  fluxes;  11;  soldering  in  salt  baths;  12) 
soldering  in  furnaces;  13)  soldering  with  soldering  lamp;  14)  soldering 
with  gas  torch;  15)  soldering  with  soldering  iron;  16)  with  electric 
current;  17)  by  resistance  heating;  18)  electric-arc;  19)  with  high- 
frequency  current;  20)  electrical-resistance  soldering;  21)  soldering 
in  electrolytes;  22)  induction  soldering;  23)  soldering  in  electric 
arc;  24)  classification  of  soldering  techniques  by  method  of  removing 
oxide  film  from  surface  of  components  to  be  soldered  and  solder;  25) 
method  of  removing  oxide  film;  26)  mechanical  removal  of  oxide  film; 

27)  abrasive  soldering;  23)  physicochemical  removal  of  oxide  film;  29) 
soldering  using  ultrasound;  30)  soldering  in  neutral  medium;  31)  sol¬ 
dering  in  vacuum;  32)  chemical  removal  cf  oxide  film;  33)  soldering 
with  fluxes  (liquid  and  gaseous);  34)  fluxes  that  dissolve  oxide  film; 
35)  protective  fluxes;  3*>)  reactive  fluxes;  37)  soldering  m  reducing 
atmosphere;  33)  soldering  with  solders  that  remove  oxide  film. 
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Fluxes  are  mixtures  or  solutions  of  salts  or  acids  (including  organic 
acids)  and  are  used  In  the  liquid  or  gaseous  state.  During  their  Inter¬ 
action  with  fluxes,  oxides  are  broken  down  or  removed  by  chemical  ex¬ 
change  or  reduction  processes  (particularly  in  hydrogen),  while  in  a 
vacuum  they  are  removed  by  dissociation.  During  the  soldering  of  cer¬ 
tain  metals  that  act  as  getters  (e.g.,  titanium  and  zirconium)  surface 
oxides  dissolve  in  the  metal  when  it  is  heated  in  a  vacuum  or  protec¬ 
tive  gas.  Certain  solders  are  self-fluxing  during  soldering;  this  is 
true  of  Cu-P  and  Cu-Ag-P  solders  when  soldering  copper.  Copper-  or 
silver-based  solders  containing  lithium  and  boron  are  self-fluxing  when 
soldering  stainless  steel.  Oxides  are  removed  from  the  surface  of  alu¬ 
minum  and  aluminum  alloys  during  soldering  with  low-melting  solders  by 
the  abrasive  or  ultrasonic  method. 

The  following  types  of  soldering  are  employed:  1)  noncapillary,  in 
which  the  solder  is  completely  melted  and  Interacts  with  the  material 
to  be  soldered  without  participation  of  capillary  forces;  2)  capillary, 
in  which  the  solder  is  completely  melted  and  interacts  with  the  materi¬ 
al  to  be  soldered  with  participation  of  capillary  forces;  3)  cermet,  in 
which  the  solder,  a  mixture  of  powders,  is  partially  melted  during  sol¬ 
dering  and  Interacts  with  the  material  to  be  soldered  during  crystal¬ 
lization  and  as  a  result  of  sintering.  Cermet  soldering  Is  employed 
chiefly  when  the  gap  between  the  components  is  wide  or  when  precise 
fitting  of  the  components  is  impossible;  4)  contact-reactive,  in  which 
a  liquid  phase  is  formed  as  a  result  of  contact -reactive  fusion  where 
the  soldered  components  come  into  contact;  5)  diffusion,  in  which  the 
Joint  solidifies  at  a  temperature  above  the  solidus  of  the  solder.  Cap¬ 
illary  sc  ldering  is  the  rust  common  method.  The  technological  features 
of  the  soldering  process  ar.d,  as  a  rule,  the  lower  strength  of  the  sol¬ 
der  In  comparison  with  the  base  material  govern  the  structural  charac- 
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teristics  of  soldered  joints.  Lap  joints  are  most  frequently  encoun 
tered,  butt  joints  being  considerably  less  common. 

The  strength  of  a  soldered  joint  is  governed  by  the  strength  of 
the  solder,  the  size  of  the  gap,  the  method  by  which  oxides  are  removed 
from  the  solder  and  the  surfaces  to  be  joined,  the  soldering  regime, 
and  the  structural  characteristics  of  the  joint.  The  soldering-tempera¬ 
ture  range  that  insures  a  high-quality  joint  is  limited  by  the  working 
temperature,  i.e.,  the  minimum  temperature  at  which  the  liquid  phase 
begins  to  fill  the  gap  and  adhere  to  the  base  material,  and  the  maximum 
soldering  temperature,  above  which  the  base  material  intensively  dis¬ 
solves  in  the  molten  solder. 

Heating  during  soldering  is  carried  out  in  electric  furnaces,  in 
baths  containing  molten  solder,  fluxes,  or  salts,  with  high-frequency 
current,  by  the  electrical-resistance  method,  in  electrolytes,  in  elec¬ 
tric  arcs,  in  the  flames  of  soldering  lamps  or  torches,  and  with  vari¬ 
ous  types  of  soldering  irons.  Quartz  heat -radiating  elements  (lamps) 
are  also  employed.  Heating  with  plasma,  electron  beams,  and  optical 
quantum  generators  are  premising  methods.  Soldering  techniques  are  most 
often  classified  by  the  method  used  to  heat  the  components  to  be  sol¬ 
dered,  by  the  method  used  to  remove  oxide  films  (see  Figure),  or  by  the 
procedure  by  which  the  joint  is  formed.  The  soldering  process  can  be 
mechanized  and  automated,  principally  with  respect  to  delivery  of  the 
components  to  be  soldered  to  the  heating  site  and  control  of  the  sol¬ 
dering-temperature  cycle.  Soldering  is  used  in  the  manufacture  of  vari¬ 
ous  products,  ranging  from  broad -consumption  merchandise  to  special- 
purpose  equipment.  Soldering  has  advantages  over  fusion  welding  as  a 
Joining  method  in  the  manufacture  of  light  thin-walled  openwork  struc¬ 
tures,  in  Joining  components  that  differ  greatly  in  thickness,  in  the 
manufacture  of  products  of  complex  shape,  and  when  structures  consist 
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of  alloys  with  different  bases.  Including  nonmetallic  materials  that 
cannot  be  joined  to  metallic  components  or  to  one  another  by  other 
methods.  As  a  result  of  the  less  Intensive  or  more  uniform  heating  (in 
furnaces)  during  soldering  the  structure  of  the  base  material  and  the 
size  and  shape  of  the  component  or  product  remain  unaltereu  in  many 
cases.  The  residual  internal  stresses  in  soldered  joints  are  less  than 
those  in  fusion-welded  joints. 

References:  Lashko,  N.F.  ,  Lashko-Avakyan,  S.V. ,  Payka  metallov 
[Soldering  of  Metals],  Moscow,  1959;  Yesenberlin,  R.Ye.,  Payka  metallov 
[Soldering  of  Metals],  Moscow,  1959J  Idem,  Payka  metallov  v  pechakh  s 
gazovoy  sredoy  [Soldering  of  Metals  in  Furnaces  with  Gaseous  Atmos¬ 
pheres],  Moscow -Leningrad,  1958;  Lakedemonskiy ,  A.V. ,  Khryapln,  V.Ye. , 
Spravochnik  payal ‘shchika  [Solderer's  Handbook],  Moscow,  1959;  Lashko, 
N.F. ,  Lashko -Avakyan,  S.V. ,  0  vybore  temperaturv  payki  [Selection  of 
Soldering  Temperature],  Svarochnoye  proizvodstvo  [Welding],  1961,  No. 

3;  Rukovodstvo  po  payke  metallov  [Handbook  of  Metal  Soldering],  trans¬ 
lated  from  English,  Moscow,  i960. 

N.F.  Lashko  and  S.V.  Lashko 
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SOLDERING  OF  ALUMINUM  ALLOYS  -  a  process  utilizing  salt  and  organ¬ 
ic  fluxes  or  preliminary  cleaning  of  the  surfaces  to  be  soldered  by  the 
abrasive  or  ultrasonic  method.  Aluminum  alloys  are  not  soldered  in  a 
vacuum,  in  argon,  or  in  hydrogen.  Soldered  joints  can  be  made  in  the 
majority  of  aluminum  alloys,  except  those  containing  more  than  4-5$  Mg. 
Such  soldering  is  carried  out  with  special  solders  and  fluxes  (see  bol¬ 
der  for  soldering  aluminum  alloys).  Before  soldering  the  surfaces  of 
aluminum  alloys  should  be  thoroughly  cleaned  of  oil  and  grease,  etched 
in  a  10-20$  aqueous  solution  of  NaOH,  cleared  in  5$  HNQ^,  washed  in  wa¬ 
ter,  and  dried  at  50-70°.  Heating  is  carried  out  In  electric  furnaces, 
in  flux  baths,  with  high-frequency  current,  and  in  the  flames  of  sol¬ 
dering  lamps  and  torches  (except  oxyacetylene ) ,  being  limited  by  the 
solidus  temperature  of  the  alloys  being  soldered. 
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l)  Type  of  solder;  2)  kg/mm2;  3)  lap-soldered  Joints;  4)  AMTs ;  5)  Dl6T; 
6)  D20;  7)  butt-soldered  joints;  8)  type  of  fracture;  9)  P200A;  10) 
P250A;  11)  P300A;  12)  PAKTs ;  13)  PSr5AKTs;  14)  V62;  15)  the  same;  16) 
34A;  17)  eutectic  silumin;  18)  in  furnace;  19)  with  torch;  20)  fracture 
along  soldered  joint,  ultrasonic  soldering;  21)  fracture  parallel  to 
joint,  soldering  with  34a  flux. 
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Al-Mg-Cu  and  Al-Mg-Zn  alloys  hardened  by  heat  treatment  and  Al-Mg 
alloys  hardened  by  plastic  deformation  tend  to  crack  In  stressed  struc¬ 
tures  when  brought  Into  contact  with  molten  low-melting  tin  solders.  As 
a  result  of  the  overaglng  and  annealing  that  occur  under  the  action  of 
the  chermal  and  physlcomechanlcal  soldering  cycles  alloys  hardened  by 
aging  or  cold-working  lose  some  of  their  increased  strength  in  soldered 
joints,  the  extent  of  this  phenomenon  depending  on  the  heating  method 
and  regime. 

Lap  and  butt  joints  made  between  aluminum  alloys  and  eutectic  sl- 
lumin  with  PSr5AKTs,  PAKTs,  V62,  34a,  P575>  and  P590A  solders  fracture 
through  the  base  material  or  in  parallel  with  the  seam  under  tension. 

Quenching  of  soldered  joints  in  aluminum  alloys  is  greatly  ham¬ 
pered  by  the  danger  that  the  joints  will  melt  on  reheating.  If  the  de¬ 
sign  of  the  structure  and  the  soldering  temperature  permit,  it  is  best 
to  combine  soldering  and  quenching.  When  the  soldered  seam  is  of  low 
strength  (e.g. ,  when  soldering  with  the  low-melting  solders  P200  and 
P300A)  a  uniformly  strong  joint  can  be  obtained  by  increasing  the  sol¬ 
dering  area. 

The  table  shows  the  ultimate  strength  of  soldered  Joints  in  alu¬ 
minum  alloys. 

Soldered  joints  made  with  low-melting  tin-based  solders  (P200A  or 
P250A)  have  a  low  corrosion  resistance  under  atmospheric  conditions 
and  must  be  protected  by  painting.  The  corrosion  resistance  of  soldered 
joints  can  be  increased  by  raising  the  zinc  content  of  the  solder 
(e.g.,  when  soldering  with  VP250  solder),  by  soldering  anodized  compo¬ 
nents  with  Sn-10Zn-5Al  solder,  or  by  using  an  intermediate  nickel  coat¬ 
ing  preliminarily  applied  to  the  surfaces  to  be  soldered  by  chemical 
means.  Joints  soldered  with  the  low-melting  solder  P300A  or  the  medium- 
melting  solders  V62  and  34A  have  a  high  corrosion  resistance  without 
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protection  by  painting.  The  most  corrosion-resistant  joints  are  those 
made  with  PSr5AKTs  and  PAKTs  solders  and  eutectic  silumin.  When  alumi¬ 
num  solders  not  containing  large  amounts  of  silicon  (P570A  or  P590A) 
are  used  the  Joints  have  the  same  color  as  the  base  material  after  ano¬ 
dizing. 

References:  Lashko,  N.F.  and  La shko -Avakyan,  S.V. ,  Payka  metallov 
[Soldering  of  Metals],  Moscow,  1959;  Idem,  Payka  alyuminiyevykh  splavov 
[Soldering  of  Aluminum  Alloys],  Moscow,  1958;  Maksimikhin,  B.A.,  Payka 
metallov  v  priborostroyenii  [Soldering  of  Metals  in  Instrument  Build¬ 
ing],  Leningrad,  1959;  Lashko,  N. F. ,  La shko -Avakyan,  S.V. ,  Korrozion- 
naya  stoykost’  soyedineniy  iz  alyuminiyevykh  splavov,  payannykh  legko- 
plavkimi  pripoyami  [Corrosion  Resistance  of  Joints  Soldered  in  Aluminum 
Alloys  with  Low-melting  Solders],  Svarochnoye  proizvodstvo  [Welding], 
1961.  No.  5;  Idem,  Povysheniye  korrozionnoy  stoykosti  soyedineniy  iz 
alyuminiyevykh  splavov,  payannykh  legkoplavkimi  pripoyami  [Increasing 
the  Corrosion  Resistance  of  Joint  Soldered  in  Aluminum  Alloys  with  Low- 
melting  Solders],  Ibid.,  1962,  No.  12. 

N.F.  Lashko  and  S.V.  Lashko 
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SOLDERING  OF  BERYLLIUM  -  see  Welding  and  soldering  of  beryllium. 
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SOLDERING  OF  BRASS  -  see  Soldering  of  copper  alloys. 
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SOLDERING  OP  BRONZE  -  see  Soldering  of  copper  alloys. 
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SOLDERING  OP  COPPER  ALLOYS.  The  special  features  of  the  soldering 
of  copper  and  its  alloys  are  dictated  by  the  chemical  stability  of  cop¬ 
per  oxides,  the  fact  that  they  may  dissolve  or  be  reduced  during  heat¬ 
ing,  their  content  of  readily  vaporized  elements  (zir.c,  cadmium,  and 
manganese),  their  high  thermal  conductivity,  the  tendency  of  oxygen- 
containing  copper  and  certain  of  its  alloys  toward  hydrogen  embrittle¬ 
ment,  the  high  capacity  of  copper  to  form  brittle  intermetallides  with 
other  elements,  the  high  capacity  of  copper  and  its  alloys  for  dissolu¬ 
tion  in  molten  solders,  the  tendency  of  such  alloys  to  undergo  brittle 
fracture  when  brought  into  contact  with  molten  solders,  and  the  hot- 
shortness  of  copper  alloys. 

The  only  oxides  formed  on  the  surface  of  copper  and  low-alloy  cop¬ 
per  alloys  are  CuO  and  Cu20,  which  have  a  low  chemical  stability.  Ox¬ 
ides  of  zinc,  aluminum,  beryllium,  and  silicon  are  present  on  copper 
alloys  alloyed  with  these  elements  and  are  characterized  by  a  high 
chemical  stability  and  free  energy  of  formation.  Especially  careful 
surface  cleaning  is  consequently  necessary  before  soldering  brass  or 
beryllium,  aluminum,  or  silicon  bronze.  Oxides  of  silicon,  beryllium, 
and  aluminum  are  removed  by  treatment  with  hydrofluoric  acid  or  a  mix¬ 
ture  of  sulfuric  and  nitric  acids;  the  surface  of  the  alloy  is  then  im¬ 
mediately  protected  with  a  layer  of  a  sufficiently  active  flux. 

The  active  flux  38N  is  used  in  soldering  aluminum  and  beryllium 
bronzes  with  low-melting  solders  (of  the  FOS  type;  see  Low-melting  sol¬ 
der).  Fluxes  of  boron,  boron  anhydride,  fluorides,  and  fiucbora^es  ac¬ 
tivated  with  zinc  chloride  (£15#)  are  suitable  for  soldering  bronze 
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with  high ^temperature  solders,  using  torches,  high-frequency  current, 
or  other  heating  methods.  These  alloys  can  also  be  soldered  in  neutral - 
gas  atmospheres  or  a  low  vacuum  in  furnaces,  using  a  small  amount  of 
salt  flux. 

When  copper  alloys  containing  easily  vaporized  and  easily  oxidized 
elements  (zinc  and  cadmium)  are  heated  with  torones,  in  furnaces,  etc., 
these  elements  are  vaporized  and  oxidized;  active  fluxes  are  conse¬ 
quently  used,  even  when  soldering  m  dry  reducing  or  protective  atmos¬ 
pheres  or  in  a  vacuum.  The  cause  of  the  high  thermal  conductivity  of 
copper  heavier  soldering  irons  are  used,  the  components  to  be  soldered 
are  subjected  to  additional  heating  with  torches,  etc. 

The  tendency  of  oxygen -containing  copper  and  certain  copper  alloys 
toward  hydrogen  embrittlement  when  heated  in  furnaces  in  a  hydrogen  at¬ 
mosphere  leads  to  formation  of  water  vapor  and  resultant  porosity  of 
the  metal.  Such  alloys  consequently  are  not  soldered  in  hydrogen-con¬ 
taining  gaseour  media.  Furnace -soldering  of  copper  and  its  alloys  is 
generally  carried  out  with  fluxes,  in  an  argon  atmosphere,  with  gaseous 
fluxes,  in  dry  nitrogen,  or  in  a  vacuum.  Copper  is  soldered  with  sol¬ 
ders  based  on  bismuth,  tin,  lead,  cadmium,  zinc,  silver,  and  copper 
(see  Solder  for  soldering  copper  alloys).  However,  it  is  necessary  to 
take  into  account  the  characteristics  of  the  interaction  between  the 
copper  alloy  and  the  solder.  Copper  and  copper  alloys  tend  tc  form  in- 
termetallides  with  aluminum,  tin,  cadmium,  and  zinc.  The  heating  of  the 
solder  and  the  time  for  which  copper  alloys  are  in  contact  with  molten 
solders  containing  these  elements  should  therefore  be  minimized. 

Copper  and  copper  alloys  intensively  dissolve  in  molten  silver  and 
copper-phosphorus  solders,  while  copper-nickel  alloys  dissolve  in  mol¬ 
ten  copper,  so  that  soldering  must  be  carried  out  rapidly  in  order  to 
avoid  overheating  cf  the  solder.  Copper-nickel  alloys  (especially  those 
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Strength  of  Soldered 
Joints  In  Copper  and  L62 
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*  The  substantial  scattering  of  the  strength  indices  of  joints  soldered 
in  L62  brass  with  medium-melting  solders  is  due  to  the  porosity  of  the 
seams. 

p 

1}  Solder;  2)  butt  Joint;  3)  brass;  4)  copper;  5)  kg/mm  ;  6)  lap  joint; 
7)  type  02  tin:  8)  P0S40;  9)  P0S30;  10)  P0S18;  11)  PSr3Kd;  12)  PSr5KTsN 
13)  PSr2.5;  14)  PSrl2;  15)  PSr25;  16)  PSr45;  17)  PFOTs7-3.2;  18) 
PSrF15-5. 


containing  10#  Ni),  copper-silicon  alloys,  and  brasses  tend  toward 
brittle  fracture  when  brought  into  contact  with  molten  low-melting  sol¬ 
ders,  so  that  they  are  soldered  only  in  the  annealed  state.  Contact  - 
reactive  soldering  of  copper  is  possible  after  application  of  a  layer 
of  silver  (5-15  u  thick)  to  the  surfaces  to  be  Joined. 

Lead  brasses,  silicon  bronzes,  tin  bronzes,  and  copper-nickel  al¬ 
loys  tend  toward  hot -shortness  and  components  fabricated  from  them  are 
consequently  not  heated  through  during  soldering  and  are  net  subject'd 
to  severe  stresses  or  loads;  heating  is  carried  out  rather  slowly. 

During  the  soldering  of  lead  bronze  (especially  with  electrical- 
resistance  heating)  some  lead  nay  escape  from  the  alley  as  a  result  of 
its  low  melting  point.  Heating  during  soldering  may  cause  a  decrease  in 
the  mechanical  characteristics  of  Joints  in  age-hardened  beryllium 
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The  table  shows  the  strength  of  soldered  Joints  made  In  copper  and 
L62  brass  with  certain  low-melting  and  medium-melting  solders. 
References:  See  the  article  entitled  Soldering. 
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SOLDERING  OF  HIGH-MELTING  METALS  AND  THEIR  ALLOYS.  The  soldering 
of  high-melting  metals  and  their  alloys  entails  a  number  of  difficul¬ 
ties  associated  with  their  characteristics,  since  these  metals  require 
high  soldering  temperatures,  neutral-gas  atmospheres,  and  production  of 
plastic  joints,  and  with  their  comparatively  low  recrystallization  tem¬ 
perature,  grain  growth,  and  tendency  toward  embrittlement. 

Low -temperature  soldering  of  high-melting  metals  Is  employed  in 
exceptional  cases,  where  the  joints  are  Intended  to  function  at  temper¬ 
atures  of  no  hlghei  than  100°  or  such  metals  are  to  be  joined  to  alumi¬ 
num,  copper,  or  steel.  Low-temperature  soldering  of  high-melting  metals 
with  tin-lead  solders  is  carried  out  by  the  techniques  usually  employed 
for  soldering  steel,  preliminarily  preparing  the  surfaces  to  be  joined 
by  one  of  the  following  methods:  l)  mechanical  removal  of  oxides  and 
simultaneous  rubbing  and  tinning  with  tin-lead  solder;  2)  heating  to  a 
temperature  above  the  point  where  the  oxides  begj.n  to  volatilize  and 
the  surfaces  are  readily  coated  with  tin;  3)  galvonic  plating  with 
nickel  or  copper. 

High-melting  metals  are  soldered  with  solid  high-temperature  sol¬ 
ders  in  neutral  atmospheres  (argon,  helium)  purified  of  02,  H?,  and  N^ 

-4 

or  in  a  vacuum  with  a  residual  pressure  of  less  than  10  mm  Hg.  Heat¬ 
ing  is  conducted  in  electric  furnaces,  with  high-frequency  current, 
with  plasma  torches,  or  by  the  elec  rical-resistance  method.  Before 
soldering  the  surfaces  to  be  joined  are  thoroughly  cleaned  of  contami¬ 
nants  and  oxides  by  chemical  or  mechanical  means. 

Inseparable  joints  can  be  made  In  components  of  Mo,  W,  and  their 
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alloys  In  areas  not  heated  to  temperatures  above  300°  during  operation 
by  soldering  with  PSr25,  PSr45,  PSr72,  and  PSr85  solders  and  284  and 
209  fluxes.  Joints  that  will  function  at  temperatures  of  up  to  600°  can 
be  made  in  Mo,  Nb,  Ta,  Cr,  and  their  alloys  with  VPr2,  VPr4,  and  VPrl 
solders  at  soldering  temperatures  of  1000-1200°,  employing  general  and 
local  heating  by  the  methods  described  above. 

High-temperature  soldering  of  high-melting  metals  is  carried  out 
by  rapid  heating  with  high-frequency  current  or  plasma  torches  or  by 
the  electrical-resistance  method  in  argon,  helium,  or  a  vacuum. 

The  table  shows  the  high-temperature  solders  used  and  the  mechani¬ 
cal  characteristics  of  soldered  joints  in  high-melting  metals. 

References:  Molibden  [Molybdenum],  Collection,  edited  by  A.K. 
Natanson,  translated  from  English,  Moscow,  1959;  Nlobiy  i  tantal  [Nio¬ 
bium  and  Tantalum],  collection  of  articles  edited  by  O.P.  Kolchin,  Mos- 
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cow,  I960;  Smitells,  K.J. ,  Vol'fram  [Tungsten],  translated  frcm  Eng¬ 
lish,  Moscow,  1958;  Johnston,  J.H.,  Udln,  H. ,  Wulff,  J. ,  Joining  of  mo¬ 
lybdenum,  Weld.  J.,  1954,  Vol.  33i  No.  9,  pages  449-458;  Spraragen,  W. , 
Claussen,  G.E. ,  Welding  tungsten,  tantalum,  molybdenum,  and  related 
metals.  Ibid.,  1941,  Vol.  20,  No.  4,  page  l6l;  Burrows,  C.F. ,  Schwartz, 
M.M. ,  Gagola,  L.J.,  Welding  and  brazing  two  columbium  alloys.  Materials 
in  Design  Engng. ,  i960,  Vol.  52,  No.  4,  pages  13-15* 

A. I.  Gubin 
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SOLDERING  OF  LEAD.  The  principal  difficulties  that  arise  in  sol¬ 
dering  lead  are  due  to  its  strong  oxidizability  when  heated  in  air,  to 
the  formation  of  a  dense  oxide  film,  which  hampers  soldering,  and  to 
the  low  melting  point  of  this  metal.  Heating  is  generally  carried  out 
with  an  oxyhydrogen  torch,  giving  the  flame  an  excess  hydrogen  content 
sufficient  to  remove  the  oxide  film  from  the  surface  of  the  metal,  with 
a  soldering  lamp,  or  by  the  friction  method.  A  soldering  iron  is  rarely 
used  for  lead  components.  When  soldering  in  a  soldering-lamp  flame  the 
component  is  heated  to  the  temperature  at  which  the  bar  of  solder  melts 
and  coats  the  surface  to  be  soldered  when  brought  into  contact  with  it. 
Before  soldering  by  the  friction  method  the  surface  of  the  component  is 
cleaned  mechanically  and  the  area  near  the  joint  is  coated  with  grease. 
The  solder  is  kept  from  flowing  over  the  component  by  a  layer  of  soot. 
Friction  soldering  is  carried  out  with  the  aid  of  a  grease -impregnated 
rag  or  piece  of  leather;  the  solder  is  applied  to  the  surface  of  the 
heated  component  on  the  rag  or  leather.  Lead  components  are  soldered 
with  tin-lead  solders,  most  frequently  P0S30,  which  have  a  broad  crys¬ 
tallization  range  and  are  suitable  for  soldering  by  the  friction  method 
(see  Low-melting  solders). 

References:  See  the  article  entitled  Soldering. 

N.F.  Lashko  and  S.V.  Lashko 
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SOLDERING  OF  MAGNESIUM  ALLOYS.  The  special  features  of  the  solder¬ 
ing  of  magnesium  and  its  alloys  are  dictated  by  the  chemical  stability 
of  the  oxide,  MgO,  formed  on  their  surface,  the  comparatively  broad 
crystallization  range  of  the  majority  of  commercial  magnesium  alloys, 
which  contain  low-melting  eutectics  or  form  such  eutectics  when  brought 
into  contact  with  molten  solders,  and  the  low  corrosion  resistance  of 
magnesium  and  its  alloys  when  they  are  brought  into  contact  with  iron, 
aluminum,  copper,  nickel,  or  lead  or  soldered  Joints  alloyed  with  sub¬ 
stantial  amounts  of  these  elements. 

TABLE  1 

Fluxes  Used  in  Soldering 

Magnesium  Alloys 
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l)  Flux;  2)  melting  tem¬ 
perature  (6C);  3)  chemi¬ 
cal  composition  {%>);  4) 
F380Mg. 


Oxides  can  be  removed  from  the  surface  of  magnesium  alloys  only 
with  the  aid  of  sufficiently  active  fluxes  (Table  1). 

Residues  of  these  fluxes  cause  intensive  corrosion  of  the  soldered 
Joints  and  they  must  consequently  be  thoroughly  removed  immediately  af¬ 
ter  soldering  by  immersing  the  component  for  0.5-1  hr  in  boiling  2- 3# 
aqueous  sodium  acetate,  which  protects  magnesium  from  the  corrosive  ao- 
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tion  of  hot  water,  and  rinsed  (for  8-12  min  at  20°)  in  0.5#  potassium 
dichromate,  in  20-30#  chromic  anhydride,  and  then  in  cold  and  hot  wa¬ 
ter.  The  principal  shortcoming  of  these  fluxes  is  the  fact  that  they 
have  a  higher  specific  gravity  than  magnesium-based  solders,  so  that 
the  finished  joint  may  contain  residual  flux  inclusions.  Removal  of  the 
casting  skin  from  the  joints  by  machining  may  expose  flux -filled  pores, 
in  which  case  the  component  is  again  thoroughly  rinsed.  No  fluxes  have 
as  yet  been  developed  for  soldering  magnesium  and  its  alloys  at  temper¬ 
atures  below  400°. 

Ultrasonic  soldering  of  magnesium  alloys  does  not  give  satisfac¬ 
tory  results.  Soldering  with  Low-melting  solders  is  consequently  car¬ 
ried  through  a  layer  of  copper  (after  chemical  zinc-plating),  nickel, 
or  silver  applied  electrolytically  to  the  surfaces  to  be  soldered.  The 
same  fluxes  employed  for  soldering  with  low-melting  solders  are  used 
for  soldering  by  this  method.  Tin -zinc,  cadmium-zinc,  and  other  lead- 
free  solders  are  among  the  low-melting  solders  employed  for  soldering 
magnesium  alloys.  Lead  and  tin-lead  solders  are  unsuitable  for  this 
purpose,  since  there  is  a  danger  of  intensive  corrosion  between  the 
soldered  Joint  and  the  base  material,  which  may  occur  even  through 
pores  in  the  coatings.  Soldering  with  solders  of  types  F300A,  P200A, 
and  P170A  through  coatings  is  conducted  with  a  soldering  iron  and 
LTI120  flux.  Magnesium  alloys  are  not  softened  by  soldering  with  these 
solders.  The  only  Medium-melting  solders  used  are  those  based  on  mag¬ 
nesium.  Aluminum  solders  are  unsuitable  for  this  purpose,  since  they 
react  Intensively  with  magnesium  alloys  to  form  brittle,  corrosion-sus¬ 
ceptible  joints.  Solders  based  on  other  metals  (copper,  silver,  nickel) 
are  unsuitable  because  of  their  high  melting  temperature.  In  order  to 
reduce  the  melting  temperature  of  magnesium  solders  they  are  alloyed 
with  aluminum,  zinc,  cadmium,  or  copper;  their  corrosion  resistance  can 
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be  increased  by  alloying  with  manganese,  while  combustion  can  be  pre¬ 
vented  by  alloying  with  beryllium.  Table  2  shows  the  composition  of 
certain  magnesium  solders. 


TABLE  2 

Magnesium  Solders 
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l)  Solder;  2)  complete -fusion  temperature  (°C);  3) 
chemical  composition  ($);  4)  P380Mg;  5)  P430Mg;  6)  re¬ 
mainder. 


TABLE  3 

Strength  of  Certain  Sol¬ 
ders  and  Soldered  Joints 
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l)  Solder;  2)  of  solder  in  cast  state  (kg/mm2);  3) 
of  butt-soldered  joints  (kg/mm2);  4)  P380Mg;  5) 

P430Mg. 

Magnesium  solders  containing  substantial  amounts  of  copper  (type 
3)  or  aluminum  (types  1,  2,  AZ92,  and  AZ125)  have  a  low  corrosion  re¬ 
sistance  and  are  capable  of  intensive  dissolution  of  the  base  material; 
it  is  consequently  very  difficult  to  solder  thin-walled  structures  with 
them.  Types  P430Mg  and  P380  Mg  solder  arc  technologically  the  most 
suitable  and  are  used  with  Induction  heating  or  heating  with  gasoline- 
air  torches.  Type  P430Mg  solder  is  suitable  for  soldering  magnesium 
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and  MAI,  MA2,  and  MA8  alloys,  while  P380Mg  solder  is  used  for  soldering 
these  alloys  and  MA3,  MA5,  and  ML5*  Soldered  joints  made  with  these 
soluers  are  susceptible  to  oxidation.  When  P430Mg  and  P380Mg  solders 
are  used  the  soldered  material  undergoes  partial  softening  in  the  zone 
of  thermal  influence  parallel  to  the  joint.  Table  3  shows  the  ultimate 
strength  of  P380Mg  and  P430Mg  solders  and  Joints  soldered  with  them. 
Joints  made  in  magnesium  shaping  alloys  by  the  lap  method  with  P380Mg 
and  P430  Mg  solders  fracture  through  the  base  material,  parallel  to  the 
joint.  Soldered  Joints  in  MAI  alloy  are  softened  by  ~50$,  while  those 
in  other  shaping  alloys  are  softened  by  10-30$. 

References:  Las Jko-Avakyan,  S.V. ,  Lashko,  N.P. ,  Payka  legkikh  met- 
allov  (magniya,  titan,  berilliya)  i  ikh  splavov  [Soldering  Light  Metals 
(Magnesium,  titanium,  beryllium)  and  their  Alloys],  Moscow,  1958;  Maks- 
imikhin,  B.A.,  Payka  metallov  v  priborostroyenii  [Soldering  of  Metals 
in  Instrument  Building],  Leningrad,  1959. 

N.P.  Lashko  and  S.V.  Lashko 
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SOLDERING  OF  NICKEL  ALLOYS.  The  special  features  of  the  capillary 
soldering  of  nickel  and  its  alloys  are  dictated  by  the  difficulty  of 
removing  the  NiO  layer  formed  on  the  surface  of  nickel  and  certain  of 
its  alloys  by  mechanical  means,  the  high  chemical  stability  and  energy 
of  formation  of  the  oxides  deposited  on  alloys  containing  chromium, 
aluminum,  and  titanium,  the  low  melting  point  of  eutectics  consisting 
of  nickel  and  sulfur,  arsenic,  bismuth,  lead,  or  boron,  and  the  tenden¬ 
cy  of  nickel  alloys  of  the  nichrome  (Ni-Cr-Fe)  and  monel  (Ni-Cu,  Nl-Cu- 
Al)  types  toward  brittle  fracture  when  stressed  and  brought  into  con¬ 
tact  with  molten  solders  (see  Solder  for  soldering  nickel  alloys). 

Because  of  the  difficulty  of  removing  NiO  from  the  surface  of 
nickel  alloys  by  mechanical  means,  etching  in  special  baths  no  more 
than  24  hr  before  soldering  is  generally  employed.  In  order  to  prevent 
formation  of  an  oxide  layer  during  soldering  the  components  are  heated 
in  a  reducing  atmosphere  or  salt  fluxes  are  employed.  Fluxes  containing 
zinc  chloride,  ammonium  chloride,  and  hydrochloric  acid  are  used  for 
soldering  low-alloy  nickel  alloys,  on  which  oxides  based  on  NIO  are 
formed  during  heating,  with  low-melting  solders.  Soldering  of  nickel 
alloys  containing  chromium,  aluminum,  and  titanium  is  carried  out  with 
the  more  active  fluxes  generally  employed  for  soldering  steel  (see 
Soldering  of  steel).  However,  when  boride  fluxes  of  the  F201  type  are 
used  there  is  a  danger  (especially  during  furnace  heating)  of  erosion 
of  the  surface  of  the  material  to  be  soldered  as  a  result  of  formation 
of  a  low-melting  boride  eutectic.  Furnace  soldering  of  nickel  and  its 
alloys  (nichromes)  at  temperatures  cf  1000-1250°  is  therefore  generally 
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conducted  in  a  dry-hydrogen  atmosphere  (with  a  dew  point  of  from  -40° 
to  -70°).  Alloys  containing  aluminum  and  titanium  are  soldered  in  a 
vacuum  (of  less  than  1*10“^  mm  Hg)  or  in  mixtures  of  neutral  gases  with 
gaseous  BF^  or  NH^F  fluxes;  when  a  vacuum  of  1-5  mm  Hg  is  used  the  sur¬ 
faces  to  be  soldered  are  preliminarily  subjected  to  electrolytic  plat¬ 
ing  with  nickel  or  copper  or  a  thin  layer  of  salt  fluxes  is  applied  to 
t-iem. 

When  nickel  reacts  with  sulfur  during  heating  a  low-melting  eutec¬ 
tic  is  formed  along  the  grain  boundaries,  embrittling  the  metal.  The 
sulfur  content  of  the  protective  and  reducing  gases  used  in  the  solder¬ 
ing  of  nickel  and  its  alloys  consequently  should  not  exceed  0.4  mg/ 
liter;  residues  of  oil,  paint,  greases,  and  other  substances  containing 
sulfur  are  thoroughly  cleaned  from  the  surfaces  of  the  components.  Bis¬ 
muth,  arsenic,  and  certain  other  low-melting  metals  have  a  similar  ef¬ 
fect  on  nickel  and  its  alloys.  In  order  to  prevent  nichrome  and  monel 
components  from  undergoing  brittle  fracture  when  stressed  and  brought 
into  contact  with  molten  solders  (especially  those  containing  silver, 
cadmium,  and  zinc)  soldering  is  carried  out  in  the  annealed  state  and 
wi no  external  or  internal  tensile  stresses  present.  Components  to 
be  subjected  to  subsequent  aging  are  Joined  with  solders  whose  melting 
point  is  below  the  aging  temperature  of  the  material  being  soldered. 

Nickel  and  its  alloys  are  soldered  with  the  usual  heating  methods. 
Torch  soldering  is  carried  out  in  a  gentle  reducing  flame.  Soldering 
can  also  De  conducted  by  immersion  in  a  salt  bath,  molten  flux,  or  mol¬ 
ten  solder.  Nickel  and  nickel  alloys  are  most  frequently  soldered  in 
special  containers,  which  are  evacuated  or  filled  with  reducing  gases 
and  heated  in  electric  resistance  or  Induction  furnaces.  The  gap  be¬ 
tween  the  components  should  be  0.005-0.12  ram  for  soldering  with  fluxes 
and  approximately  0.015  mm  for  soldering  in  protective  and  reducing  at- 


}  7  7  7 


II-9P-3 

Biospheres. 

References:  Lashko,  N.F.  and  Lashko -Avakyan,  S.V. ,  Payka  metallov 
[Soldering  of  Metals],  Moscow,  1959;  Rukovodstvo  po  payke  metallov 
[Handbook  of  Metal  Soldering],  translated  from  English,  Moscow,  i960. 

S.V.  Lashko  and  N.F.  Lashko 
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SOLDERING  OF  STEEL.  In  selecting  a  soldering  method  for  steel  It 
is  necessary  to  take  into  account  the  stability  of  the  oxide  film 
formed  cn  the  surface  of  the  metal,  which  hampers  soldering,  the  char¬ 
acter  of  the  physicochemical  interaction  between  the  steel  and  the  sol 
der  and  the  change  In  the  characteristics  of  the  steel  under  the  influ 
ence  of  the  soldering  heat  cycle. 


Removal  cf  oxides  presents  r.c  great  difficulty  when  soldering  car 
bon  or  low-alloy  steel.  It  is  considerably  mere  difficult  to  remove  ox 

ide  films  from  ;teel  alloyed  with  chromium,  aluminum,  titanium,  or  sil 

1  ? 

icon,  since  stable  low -solubility  .xides  cf  the  Me,C^,  Me  0*Me  C^, 
etc.,  types  are  formed  cr.  the  surface  of  such  steels  during  heating. 
Table  1  shows  the  methods  used  for  ^xide  removal  in  t;.e  soldering  of 
steel. 


Glee!  !;•  generally  solieiv*.  with  solders  based  on  tin,  lead,  sil- 
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TABLE  1 

Methods  of  Removing  Oxides  In  Soldering  Steel 


Steel 


Carbon  and  low- 
allcys 


Chromium-containing 
(12-3056  Cr) 


Fluxes  and  Gaseous  Protective  and  Reducing  At¬ 
mospheres _ 

Organic  and  inorganic  fluxes:  chlorides  and  flu¬ 
orides  of  certain  heavy  and  alkali  metals  and 
ammonia,  hydrochloric  acid,  and  certain  boron- 
containing  Inorganic  compounds.  Atmosphere:  ar¬ 
gon,  hydrogen,  or  dissociated  ammonia  with  a 
relatively  high  dew  point 

Copper  is  also  soldered  in  an  atmosphere  of  the 
incomplete-combustion  products  of  a  mixture  of 
air  aid  high-caloric  gases  (illuminating  gas, 
generator  gas,  water  gas,  propane,  and  kerosene - 
r  "^lysis  products) 

Fluxes:  active  organic,  rosin -acid  containing 
orthophosphorlc  acid,  fluoride-containing,  and 
bcron-containing  inorganic  compounds  (various 
borates).  Atmosphere:  sufficiently  dry  mixtures 
of  argon  with  gaseous  HF  or  BF^  flux,  hydrogen 

or  dissociated  ammonia  with  a  low  dew  point 
(<~40°),  or  a  vacuum 


Chromium-containing  Fluxes  ..he  same  as  for  soldering  chromium-con- 

alloyed  with  alumi-  taining  steel,  but  with  a  higher  vacuum;  gaseous 

num,  titanium,  and  protective  atmospheres  with  a  low  dew  point, 
silicon 


contact  with  molten  solder.  Quenched  or  low-tempered  steel  has  the 
greatest  tendency  toward  brittle  fracture  under  tnese  conditions.  The 
danger  than  stainless  steel  will  undergo  brittle  fracture  during  sol¬ 
dering  can  be  reduced  by  using  a  solder  with  a  melting  point  above  the 
recrystallization  temperature  of  the  material  to  oe  soldered  (e.g. , 
copper  solder,  VPrl,  or  nickel  solders  for  Khl8N9T  steel)  cr  by  employ¬ 
ing  a  special  heating  regime. 

Steel  may  undergo  a  change  in  characteristics  under'  the  action  of 
the  soldering  heat  cycle  as  a  result  of  structural  changes  caused  by 
annealing,  austenite -martensite  transformations,  martensite  decomposi¬ 
tion,  grain  growth,  and  grain -boundary  processes  that  produce  temper 
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brittleness  and  intercrystallite  corrosion.  During  soldering,  especial¬ 
ly  furnace  soldering,  it  is  consequently  necessary  to  avoid  tempera¬ 
tures  at  which  temper  brittleness  or  other  processes  leading  to  a  de¬ 
crease  in  mechanical  characteristics  can  occur  in  the  steel. 


TABLE  2 

Strength  of  Soldered  Joints  in  Steel  and  Iron 
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l)  Solder;  2)  flux  or  gaseous  atmosphere;  3)  heating  method;  4)  kg/mm2; 
5)  iron  or  low-carbon  steel;  6)  lap  soldering;  7)  butt  soldering;  8) 
Khl8N9T  stainless  steel;  9)  lead;  10)  P0S4-t>;  11)  P0S18;  12)  P0S30;  13) 
POS  40;  14)  tin;  15)  Ml  copper;  16)  VPrl;  17)  VPr2;  18)  VPr4;  19)  L62; 
20)  L0K62-06-O4;  21)  PMts48;  22)  PSr40;  23)  PSr45;  24)  PSr72LMN;  25) 
rosin-alcohol  (carbon  steel),  LM1  (stainless  steel);  26)  hydrogen;  27) 
flux;  28)  argon;  29)  borax;  30)  soldering  iron;  31/  in  furnace;  32) 
gas  torch,  high-frequency  current;  33)  the  same;  34)  gas  torch. 


During  the  soldering  of  unstabllzed  chromium-nickel  stainless 
steel  chromium  carbides  may  precipitate  along  the  grain  boundaries,  so 
that  the  steel  develops  a  tendency  toward  intercrystallite  corrosion. 

In  this  connection,  high-temperature  soldering  of  such  steel  is  carried 
out  with  brief  heating  at  temperatures  that  insure  dissolution  of  the 
chromium  carbides  (above  1000°)  and  subsequent  rapid. cooling  or  with 
stabilizing  heat  treatment  after  soldering.  Chromium-nickel  steel  sta¬ 
bilized  with  titanium  or  niobium  can  be  soldered  at  various  tempera- 
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tares  'tr,  i  wit:;  a  longer  cv:io. 

Heat -treatable  component.;  are  soldered  with  solders  that  form  a 
joint  with  the  steel  having  a  solidus  temperature  above  the  heat-treat¬ 
ment  temperature.  In  certain  cases  heating  during  soldering  can  be  com¬ 
bined  with  heat  treatment,  as  when  soldering  transition-class  steels 
with  VPr2  or  PSr93  solder. 

In  soldering  steel  it  is  also  necessary  to  take  into  account  pos¬ 
sible  warping  of  the  components,  which  is  accompanied  by  a  dimensional 
change  caused  by  structural  transformations.  Stresses  produced  in  sol¬ 
dered  joints  by  large  differences  in  the  coefficients  of  thermal  expan¬ 
sion  of  the  metals  being  joined,  which  lead  to  fracture  of  the  joint  or 
a  decrease  in  its  mechanical  characteristics  (e.g.,  when  soldering 
tools),  can  be  relaxed  by  using  reticular  or  corrugated  sheet  facings 
of  metals  with  a  coefficient  of  expansion  intermediate  between  the  co¬ 
efficients  of  the  metals  to  be  joined.  In  some  cases  notches  0.15-0.25 
mm  deep  are  made  In  the  components  for  this  purpose. 

High -hot -strength,  heat-resistant,  and  acid-resistant  steels  are 
soldered  with  solders  that  have  characteristics  similar  to  those  of  the 
steel  or  that  form  joints  with  the  required  properties  (e.g.,  as  a  re¬ 
sult  of  redistribution  of  volatile  elements  between  the  steel  and  the 
solder  during  diffusion  soldering  or  by  evaporation  of  elements  from 
solders  with  a  high  vapor  tension).  Joints  made  in  stainless  ferrite 
steel  with  standard  silver  solders  are  susceptible  to  slit  corrosion. 
This  steel  is  consequently  soldered  with  silver  solders  alloyed  with 
nickel  (2-2. 5$),  which  forms  a  thin  layer  between  the  material  being 
soldered  and  the  seam  and  prevents  corrosion.  In  soldering  graphitized 
steel  or  cast  iron  the  graphite  is  preliminarily  removed  chemically  or 
by  combustion.  Soldered  joints  in  steel  are  generally  made  by  the  cap¬ 
illary  method;  contact-reactive  soldering  is  almost  never  used  for 
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steel.  Solder-welding  is  employed  principally  in  tne  manufacture  of 
large  articles ,  particularly  of  cast  iron. 

In  the  furnace  soldering  of  steel  with  high -temperature  solders 
(except  copper)  the  gap  between  the  components  to  be  Joined  should  be 
0.05-0.12  mm,  while  in  soldering  with  copper  solder  it  should  0-0.05 
mm.  Wider  gaps  can  be  used  with  other  heating  methods.  Steel  can  be 
soldered  by  any  of  the  usual  techniques;  soldering  in  gas  flames,  in 
furnaces  with  regulable  atmospheres  (for  mass  production),  and  with  in¬ 
duction  heating  (when  local  heating  is  required)  are  the  most  widely 
employed  methods.  Table  2  presents  data  on  the  strength  of  Joints  in 
iron  and  low -carbon  and  stainless  steels. 

References:  Yesenberlln,  R.  Ye.,  Payka  metallov  v  pechaicn  s  gaz- 
ovoy  sredoy  [Soldering  of  Metals  in  Furnaces  with  Gaseous  Atmospheres], 
Moscow -Leningrad,  1958;  Lakedemonskly,  A.V. ,  Khryapin,  V.Ye.,  Spravoch- 
nik  payal 'shchika  [Solderer’s  Handbook],  Moscow,  1959;  Idem,  rayaniye  i 
pripoi  [Soldering  and  Solders],  Moscow,  1958;  Lashko,  N.F. ,  Lashko- 
Avakyan,  S,.V.  ,  Payka  metallov  [Soldering  of  Metals],  Moscow,  1959;  Ru- 
kovodstvo  po  payke  metallov  [Handbook  of  Metal  Soldering],  translated 
from  English,  Moscow,  I960. 

N.F.  Lashko  and  S.V.  Lashko 
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SOLDERING  OF  TITANIUM  ALLOYS.  The  characteristic  features  of  the 


soldering  of  titanium  and  titanium  alloys  are  dictated  by  their  high 
chemical  activity.  As  a  result  of  the  high  superficial  solubility  of 
oxygen  and  nitrogen  in  titanium  a  brittle  alphirated  layer  and  stable 
titanium  oxides  are  formed  when  this  metal  is  heated  in  air.  Hydrogen, 
which  is  of  low  solubility  in  alpha-titanium,  forms  titanium  hydrides 
in  alpha -alloys,  embrittling  them;  hydrogen  is  quite  soluble  in  beta- 
titanium  and  accelerates  eutectoid  decomposition  in  a  +  £J-t  Itanium  al¬ 
loys.  In  view  of  the  lack  of  sufficiently  active  fluxes  for  titanium 
cllcvs  they  are  not  soldered  In  air  and,  as  a  result  of  the  embrittle¬ 
ment  caused  by  hydrogen  and  nitrogen,  they  are  not  soldered  in  these 
gases.  Titanium  alloys  can  be  soldered  only  after  the  oxides  and  al¬ 
phirated  layer  have  been  removed  from  the  surface  of  the  components  by 
mechanical  cleaning  or  chemical  etching  following  water-sar.d-blasting 
(e.g.,  in  a  solution  containing  30  ml  HC1,  20  ml  HF,  and  950  cm^  HgO 
for  4-6  min  at  20°).  When  soldering  with  silver  and  Tl-Ni  solders  the 
components  are  heated  in  circulating  pure,  dry,  neutral  gases,  most 

-2  *5 

frequently  argon.  A  comparatively  low  vacuum  (1*10  -l*10“Jmm  Hg)  can 

also  be  used.  In  soldering  titanium  alloys  with  aluminum  and  tin  the 
surfaces  to  be  Joined  are  preliminarily  tinned  by  rapid  immersion  In 
tin  heated  to  600-650°  or  aluminum  heated  to  85O-9OO0  and  then  sol¬ 
dered,  using  the  fluxes  ordinarily  employed  for  these  solders  (see  Low- 
melting  solders,  Solder  for  soldering  aluminum  alloys).  Type  VT1  alloy 
can  also  be  soldered  with  tin  or  P0S40  solder  in  circulating  pure  dry 
argon.  The  fluxes  used  in  the  soldering  of  aluminum  alloys  are  employed 


r  r  1  ■■  ■ ; 

J.  ■>.  —  .*■  t.  ».  —  -  - 

for  tinning  titanium  with  aluminum. 

Titanium  forms  brittle  chemical  compounds  with  the  majority  of 
metals  and  soldered  Joints  in  this  material  consequently  have  low  plas¬ 
ticity  and  strength,  while  the  lase  metal  intensively  dissolves  in  the 
molten  solder.  When  heated  to  temperatures  above  1000°  many  titanium 
alloys  tend  toward  severe  grain  growth  and  an  irreversible  deteriora¬ 
tion  of  mechanical  characteristics.  Soldered  joints  of  higher  strength 
can  be  obtained  in  titanium  and  its  alloys  by  diffusion  soldering,  as  a 

t' 

result  of  diffusion  of  the  components  of  the  solder  (e.g.,  copper, 
nickel,  silver)  into  the  base  metal.  This  is  due  to  the  ability  of  ti¬ 
tanium  to  form  wide-range  solid  solutions  with  certain  metals  (Ag,  Nl, 
Cu). 

In  order  to  prevent  intensive  dissolution  of  the  titanium  in  the 
molten  solder  and  formation  of  layers  of  brittle  intermetallides  in  the 
joint ,  the  heating  of  the  components  should  De  restricted  with  respect 
to  temperature  and  be  as  brief  as  possible,  while  the  solder  should  be 
carefully  measured  out.  For  this  purpose  and  in  order  to  prevent  oxida¬ 
tion  of  the  titanium  in  air,  the  surfaces  to  be  soldered  are  sometimes 
preliminarily  plated  with  silver  or  other  metals,  e.g.,  nickel  (by 
chemical  means,  in  a  layer  10-20  p  thick).  In  order  to  Improve  the  ad¬ 
hesion  between  the  nickel  plating  and  the  base  metal  the  component  is 
heated  at  250°  for  2-2.5  hr.  Application  of  intermediate  coatings  to 
titanium  alloys  is  obligatory  when  they  are  to  be  soldered  to  steel  or 
copper  alloys  or  with  gas  torches  or  high-frequency  current  in  air.  Ti¬ 
tanium  alloys  are  soldered  in  vacuum  furnaces  or  special  hermetically 
sealed  containers  of  materials  such  as  stainless  steel,  which  are  pre¬ 
liminarily  evacuated  or  filled  with  pure  dry  argon.  The  components  to 
be  soldered  are  loaded  into  electric  furnaces  heated  with  quartz  radi¬ 
ating  elements.  Soldering  in  argon  is  more  successful  wher.  the  compo- 
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nents  are  shielded  from  the  argon  stream  entering  tne  :•  r.talnor. 

In  order  to  prevent  Intensive  grain  growth  in  titanium  and  Its  al¬ 
loys  the  wcrking  temperature  of  the  solders  used  should  be  no  higher 
than  1000°  (see  Solder  for  soldering  titanium  alloys). 

References:  Goryachev,  A.P.  et  al.,  Argono-dugovaya  svarka  1  payla 
tltana  [Argon-Arc  Welding  and  Soldeilng  of  Titanium],  Leningrad,  1957; 
La shko -Avakyan,  S.V. ,  Lashko,  N.F.,  Payka  legkikh  metallov  (Magnlya, 
tltana,  berllliya)  1  ikh  splavov  [Soldering  of  Light  Metals  (Magnesium, 
Titanium,  Beryllium)  and  Their  Alloys],  Moscow,  1958;  Titan  1  yego 
splavy  [Titanium  and  Its  Alloys],  Edited  by  L.S.  Moroz,  Vol.  1,  Lenin¬ 
grad,  I960;  Brazing  titanium  sandwich.  Aircraft  and  Missiles,  1959, 

Vol.  2,  No.  11,  page  22.  See  also  the  article  entitled  Soldering. 

N.F.  Lashko  and  S.V.  Lashko 


SOLID  LUBRICANTS  -  lubricants  which  when  applied  to  friction  sur¬ 
faces  In  tne  solid  state  reduce  their  wear  and  the  friction  between 
them.  The  following  solid  lubricants  are  most  frequently  encountered: 
l)  laminar  solids  (graphite,  molybdenum  and  tungsten  disulfide,  boron 
nitride,  talc,  mica,  etc.);  2)  organic  solids  (soaps,  waxes,  fats); 

3)  sulfide;  oxide,  phosphate,  xanthogenates ,  etc.  films;  4)  soft  me¬ 
tals  (lead.  Indium,  etc.);  5)  polymer  films.  Lubricants  with  a  laminar 
structure  have  come  Into  wide  use.  Graphite  and  MoS^  are  employed  in¬ 
dustrially;  these  materials  are  resistant  to  radiation,  thermally  and 
chemically  stable,  insoluble  In  hot  and  cold  water,  and  unreactive 
with  the  majority  of  acids,  being  decomposed  only  by  aqua  regia,  fum¬ 
ing  hydrochloric  aciu,  fl"orlne,  and  chlorine.  The  decomposition  tem¬ 
perature  of  MoS2  is  450°  in  air,  above  1000  c  in  a  vacuum,  and  1300° 
in  argon.  Graphite  decomposes  ir.  air  at  a  temperature  of  600°.  The 
Moos  hardness  of  MoS^  is  2,  while  that  of  graphite  is  1.5.  MoSg  Is 
electrically  nonccnduct! ve  and  its  lubricating  properties  are  Indepen¬ 
dent  of  the  presence  of  absorption  layers  of  water,  CO^.  or  other  gas¬ 
es;  in  ■- on t rant  to  graphite,  MoS^  can  thus  be  used  ir*  5  high  vacuum. 

All  other  conditions  being  equal,  the  coefficient  of  friction  of  MoS0 
is  lower  than  that  of  graph  It  ■.  When  dry  powders  are  smeared  on  metal¬ 
lic  surfaces  the  coefficient  of  friction  of  MoS^  ranges  1  0.05  to 

0.033  arid  that  of  graphite  varies  frees  0.19  to  0.11.  The  .©efficient 
cf  friction  of  graphite  increases  with  the  load,  while  that  of  MoS^ 

decreases.  MoS^  is  capable  cf  withstanding  loads  of  up  .0  2d. 000  kg/ 

2 

/cm  .  Solid-lubricant  films  are  formed  by  smearing  the  surface  with 


pastes,  ;  l  •  ’  ‘  *  .  r  arv  :  w  :«  .  s  -  :  r  •'••••■ 

Solid  1  M!  a  t  1  ng  r  ;  nor.!  !r.  .  .  •  iat  1’ -  v'i.‘r,t  -r,f  tulr  Ir.r  •  f  'r/jf  r  . 

In  the  later  case  the  film  is  deposited  ty  Immersion  or  ;;r  ray  Inn,  de¬ 
pending  on  the  configuration  of  the  component.  The  metallic  >rf'.< oi¬ 
ls  specially  treated  to  provide  bettor  film  adhesion:  all  metals  are 
thoroughly  degreased,  carbon  steel  is  sand-blasted  and  phosphate d, 
stainless  steel  is  sand-blasted  or  pickled,  and  aluminum  and  Its  al¬ 
loys  are  anodized.  The  instructions  for  fabricating  the  component 
should  note  whether  the  film  is  to  be  applied  by  Immersion  or  spraying. 
Solid  lubricants  are  employed  at  high  specific  pressures,  which  cause 
slezing,  sticking,  and  increased  wear,  in  dusty  atmospheres,  aggressive 
media,  and  vacuums,  at  very  high  or  low  temperatures,  in  friction 
pairs  consisting  of  identical  metals  (stainless  steel  a^d  stainless 
steel,  bronze  and  bronze,  etc.),  when  there  is  a  possibility  of  fret¬ 
ting,  and  in  rubber-metal  friction  pairs.  Conditions  of  this  type  art- 
encountered  in  almost  all  branches  of  Industry.  In  the  metallurgical 
and  metal  working  Industries  use  cf  solid  lubricants  Is  very  effective 
in  cold  and  hot  stamping,  wire  drawing,  cutting  of  metals,  knurling, 
thread  cutting,  and  in  the  manufacture  of  plastics  and  plastic  products 
in  the  aviation  industry  and  other  branches  of  technology  they  r^e 
usee  for  lubricating  hinges,  various  types  of  levers,  pints,  grooves 
threaded  pairs,  stop  cocks,  etc.  In  accordance  with  their  fields  cf 
application,  solid  lubricants  are  used  1’  different  forms:  wastes, 
dry  powders,  briquettes,  film  coatings,  ar.d  as  additives  i-r  consistent 
greases  and  mineral  oils.  Ail  typer  cf  solid  lubricants  are  produced 
in  the  US3R.  The  widely  used  graphite  lubricants  include  colloidal 
aqueous  and  oil  suspensions  of  types  R?,  VXGS-30,  VKGf-I:,  V-G ,  Y-l, 
V-2,  ar.d  V-3  and  dry  powders  of  types  3-1,  f-f,  arc.  f— 3.  is  used 

as  tne  basis  for  VKI IK P-232  pastes  containing  r* renal  11,  VKIIKP-222 
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ings,  VMIhi-2uo  r  jsp*  r.r  h..n  ■  t  • -r .  :  .  ~  ~ 

pension  for  hlpti  specific  press  iv  r  ,  7NI  IN?-.'.:  ’  *  : 


up  to  ^00°,  snd  U:e  consistent  rr>  VNIINI-2I4,  TNI IN* 7NIINP- 


2k2,  and  VNIINP-255  fox’  rolling-contact  bearings .  whi* 


ntatn  addi¬ 


tions  o?'  MoS0  as  ar  ar.t  twear  component;  the  latter  four  lubricants 
are  used  over  temperature  ranges  of  -650  to  +200°,  ~60°  to  +I5G0,  -30' 
to  a  120%  and  — 650  to  +£0°  respectively. 


L.N.  Gentyurikhlna 
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SOLUBILITY  —  1)  The  ability  of  a  substance  to  form  homogeneous 
mixtures  with  other  substances,  in  which  it  takes  the  form  of  individ¬ 
ual  Kinetieally  stable  atoms,  ions,  molecules,  or  particles.  2)  The 
solute  concentration  at  equilibrium  between  the  solution  and  the  sol¬ 
id  phase  at  a  given  temperature  and  pressure.  Solubility  is  expressed 
either  as  a  percentage  or  in  units  of  weight  or  volume  per  100  g  or 
100  cm^  of  solvent  (g/lOO  g  or  cmJ/100  cm^). 

S.A.  Reytlinger 
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SOLVENTS  —  volatile  organic  liquids  or  mixtures 
used  for  dissolving  various  substances.  Solvents  are 


of  such  liquids 
widely  employed 
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1)  Solvent;  2)  specific  gravity  at  20°;  3)  boiling  point  (°C);  4)  self 
ignition  temperature  of  vapor  in  air  (°C);  5 concent  rat  ion  limits  of 
ignition  (explosiveness)  of  air  mixtures  (g/m~');  6)  lower;  7)  upper; 

8)  permissible  sanitary  concentration  in  air  ( mg/liter’);  9)  technical 
acetone;  10)  black  benzine  (white  spirit);  11)  "Galosh"  BR-1  solvent 
benzine;  12)  extraction  benzine;  13)  benzene;  14)  butylacetate;  15) 
dichloroethane;  l6)  xylol  (mixture  of  ortho-^  meta-,  and  para-isomer s ) 
17)  methaline  chloride;  18)  nitropropane;  19 j  coal-tar  solvent;  20) 
butyl  alcohol;  21)  methyl  alcohol;  22)  ethyl  alcohol;  23)  tetrachloro- 
ethane;  24)  coal-tar  toluol;  25)  chlorobenzene;  26)  carbon  tetrachlor¬ 
ide;  27)  ethyl  acetate;  28)  impermissible. 


in  various  branches  of  industry  (lacquers  and  paints,  rubber,  textiles 
plastics,  etc.),  agriculture,  and  medicine.  They  can  be  subdivided  in¬ 
to  the  following  groups  in  accordance  with  their  chemical  nature;  hy¬ 
drocarbons  (principally  benzene,  toluol,  and  xylol),  mixtures  of  hy¬ 
drocarbons  (BR-1  and  BR-2  benzine,  white  spirit,  etc.),  chloroorganic 
compounds  (chloroform,  carbon  tetrachloride,  chlorobenzene,  methylene 
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chloride,  trichloroethylene,  tetrachloroethylene,  and  dichloroethane) , 
alcohols  (methyl,  ethyl,  isopropyl  and  butyl),  complex  and  simple 
ethers,  ketones  (acetone,  methylethyl  ketone),  and  compounds  contain¬ 
ing  nitrogen  or  sulfur  (ni trome thane „  nitropropane,  nitrobenzene,  car¬ 
bon  bisulfide,  and  nitroparaff in) .  Solvents  readily  dissolve  plant 
and  mineral  oils,  fats,  bitumens,  rubber,  and  many  natural  and  synthe¬ 
tic  resins,  waxes,  and  paraffins.  They  are  widely  used  as  diluents 
(see  Diluents)  for  many  lacquers  and  paints,  as  well  as  in  extraction; 
hydrophilic  and  polar  substances,  such  as  complex  cellulose  esters, 
shellacs,  etc.,  have  low  solubility  in  solvents.  Alccholes  are  exten¬ 
sively  employed  as  thinners  for  nitrocellulose  and  polyacrylic  lacquer 
and  enamels  and  as  solvents  for  certain  natural  and  synthetic  resins. 
Fats,  oils,  bitumens,  and  waxes  dissolve  poorly  in  alcohol.  Addition 
of  alcohols  to  certain  solvents  increases  their  solvent  action.  Com¬ 
plex  ethers  are  the  best  solvents  for  cellulose  esters  and  vinyl, 
acrylic,  and  other  polymer  resins;  they  are  generally  mixed  with  other 
solvents.  The  glycol  ethers  (the  mcnomethyl  and  monoethyl  esters  of 
ethylene  glycol)  are  tne  most  important  of  the  simple  ethers,  readily 
dissolving  nitrocellulose  and  acetocelluiose  and  many  polar  resins. 
Nitroparaff in  solvents,  which  are  obtained  by  nitrating  natural  gases 
(methane,  ethane,  propane,  butane)  are  often  used  in  mixtures  with 
other  solvents  to  dissolve  vinyl  resir.s,  esters,  cellulose,  oils,  fats 
waxes,  rubber,  etc. ;  they  are  similar  to  butyl  acetate  in  their  sol¬ 
vent  action.  The  overwhelming  majority  of  solvents  are  toxic,  very 
volatile  combustible  substances  which  form  explosive  mixtures,  with  air 
The  Table  shows  the  principle  constants  of  certain  solvents. 

References:  Lakokrasuchnyye  materialy.  Syr’ ye  i  poiuprodokty 
(Lacquers  and  Paints.  Raw  Materials  and  Intermediate  Products),  Hand¬ 
book,  Moscow,  1961;  Jordan,  0.,  Khimichesr.aya  tekhnolcgiya  rastvorite- 
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ley  [Chemical  Technology  of  Solvents],  translated  from  German,  Moscow 
Leningrad,  193^;  Drinberg,  A.Ya.,  Tekhnolgiya  plenkoobrazu.yushchlkh 
veshchestv  [Technology  of  Film-Forming  Agents],  2nd  Edition,  Lenin¬ 
grad,  1955- 
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SORBITE  -  a  structural  constituent  of  steel,  a  mechanical  mixture 
of  ferrite  and  cementite.  It  differs  from  perlite,  which  is  also  a 
mechanical  mixture  of  ferrite  and  cementite,  in  the  fact  that  the  mix¬ 
ture  is  finer  (more  highly  dispersed),  individual  particles  being  dif¬ 
ficult  to  distinguish  under  an  optical  microscope. 

As  a  result  of  the  higher  dispersion  of  the  sorbitic  structure, 
a  steel  in  which  this  structure  predominates  has  a  higher  strength  and 
plasticity  than  perlitic  steel.  The  majority  of  machine  components  and 
mechanisms  are  consequently  subjected  to  heat  treatment  leading  to 
transformation  of  the  steel  to  sorbite;  this  is  usually  achieved  by 
quenching  and  high-temperature  annealing.  As  a  result  of  the  fact  that 
formation  of  sorbite  materially  improves  the  properties  of  steel,  heat 
treatment  Intended  to  produce  sorbite  is  called  refining. 

M.L.  Berynshteyr. 
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SORBITIZATION  OP  STEEL  -  heat  treatment  consisting  of  heating  the 
steel  to  a  temperature  above  the  upper  critical  point  subsequent 

quenching  of  the  surface  layer  or  part  of  the  cross  section,  and  self¬ 
tempering  at  450-500°.  As  a  result  of  sorbitization  the  steel  acquires 
a  Sorbite  structure,  which  Improves  its  mechanical  characteristics  and 
durability.  Sorbitization  is  often  carried  out  In  conjunction  with 
rolling  during  the  normal  flow  of  work  in  the  rolling  shop.  A  predeter¬ 
mined  cooling  rate  should  be  created  with  the  aid  of  a  specially  selec¬ 
ted  spraying  apparatus.  As  a  result  of  quenching  of  the  surface  layer 
or  part  of  the  cross  section  of  the  semifinished  product  or  component, 
the  remainder  of  the  cross  section  should  retain  the  heat  necessary 
for  self-tempering  of  the  quenched  layer.  Sorbitization  is  employed 
for  carbon  and  low-alloy  steels,  although  in  principal  it  can  be  used 
for  any  quenchable  steel. 

Ya.M.  Potak 
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SPACE  METAI  SCIENCE  considers  the  behavior  of  materials  in  space 
or  in  conditions  approximating  those  in  space.  Several  fundamental 

problems  arise  in  the  development  and  use  of  the  materials. 

-8 

Evaporation  of  materials  in  deep  vacuum  below  10  mm  Hg.  Evapora¬ 
tion  is  of  a  selective  nature  and  the  loss  of  the  metal  from  the  grain 
boundaries  is  approximately  an  order  higher  than  the  evaporation  from 
the  grain  body.  Therefore,  in  the  evaluation  of  the  behavior  of  mater¬ 
ials  in  the  space  vacuum  we  cannot  go  by  only  the  average  evaporation 
characteristics.  Differently  oriented  grains  of  the  metal  will  evapor¬ 
ate  differently  (as  a  result  of  the  anisotropy  of  the  forces  of  the 
interatomic  forces  in  the  crystal),  which  leads  to  some  roughness  of 
the  surface.  The  corpuscular  nature  of  the  pressure  effects  Is  strongly 
manifested  in  space.  The  free  path  of  the  particles  is  a  quantity  of 
the  order  of  several  kilometers.  For  this  reason  the  evaporation  com¬ 
ponents  leaving  the  surface  of  a  spaceship  will  for  practical  purposes 
not  not  encounter  this  surface  again. 

The  variation  of  the  gas  density  with  departure  frcm  the  earth 

leads  to  reduction  of  the  pressure,  which  is  associated  with  the  number 

of  molecules  or  atoms  striking  the  surface  of  any  body.  The  reduction 

of  the  density  and  the  pressure  as  a  function  of  the  distance  from  the 

earth  is  tabulated  below.  At  heights  above  6500  km  the  pressure  is 

—12 

taken  to  be  equal  to  10  mm  Hg. 

Certain  metals,  zinc  and  cadmium,  for  example,  which  are  widely 
used  in  engineering  as  protective  coatings  against  corrosion  under  con¬ 
ditions  of  long-term  operation  in  a  moist  atmosphere  will  not  ensure 
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operation  In  a  deep  vacuum.  At  a  temperature  of  450°K,  which  may  char¬ 
acterize  the  conditions  of  operation  of  the  skin  of  satellites  in  cos 

—7  —4 

mlc  space,  zinc  and  cadmium  have  vapor  pressures  of  3*10  and  10  mm 


Density  and  Pressure  as  a  Function  of  Flight  Altitude 
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tain  materials  at  450°K  (mm  Hg);  6)  cadmium  (will  eva¬ 
porate);  7)  zinc  (will  evaporate);  8)  magnesium  (will 
evaporate);  9)  iron,  nickel,  aluminum,  titanium,  glass 
10“14  (will  not  evaporate). 

Hg  respectively,  which  eliminates  the  possibility  of  their  use  as  space 

—8 

materials.  The  vapor  pressure  of  magnesium  at  430°K  is  equal  to  2.10  , 

and  from  other  data  it  is  S’lO-^  mm  Hg;  increase  of  the  temperature  to 
500°K  changes  its  vapor  pressure  to  3‘10~?  mm  Hg.  This  metal  can  be 
used  as  a  space  material  only  under  the  condition  of  definite  limita¬ 
tions  on  the  temperature  and  duration  of  usage.  Such  metals  as  iron, 
nickel,  aluminum  and  beryllium  have  a  vapor  pressure  at  450°K  of  the 
order  of  or  less  than  10_1^  mm  Hg  (extrapolated  data)  and  at  900°K  a 
value  of  10  to  10  *  mm  Hg,  and  are  without  doubt  suitable  as  bases 
for  the  creation  of  space  alloys,  although  It  will  be  necessary  to  take 
account  of  come  evaporation  at  elevated  temperatures  which  may  perhaps 
limit  the  temperature  celling  for  their  use  to  a  greater  degree  than 
the  possible  hlgh-temperature  strength.  The  majority  of  the  refractory 
metals  (Ta,  W,  Mo  and  others)  behave  well  in  a  vacuum  even  at  very  high 

temperatures.  An  exception  is  chromium,  which  evaporates  easily  at  ten- 
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peratures  above  1500-1700°C.  Gaseous  impurities,  naturally,  are  easily 
evaporated  in  a  deep  vacuum  and  this  effects  the  metal  properties. 
Evaporation  of  the  volatile  components  of  an  alloy  is  possible  only 
with  sufficiently  high  temperatures  when  ,:atomlc  transport"  of  the  ele¬ 
ment  being  vaporized  to  the  surface  is  realized  by  means  of  diffusion. 
The  vapor  pressure  of  any  element  in  an  alloy  differs  from  the  value 
of  this  characteristic  for  the  pure  metal. 

A  very  Important  problem  is  that  of  creating  nonmetalllc  materials 
for  operation  in  a  hard  vacuum.  Many  famlJ iar  engineering  compositions 
of  nonmetals  used  for  particular  purposes  are  unsuitable  as  space  ma¬ 
terials  because  of  the  evaporation  of  individual  components.  Thus,  for 
example,  under  these  conditions  certain  sealants  cease  to  be  pressure 
tight.  In  addition,  here  we  must  take  account  not  only  of  the  sublima¬ 
tion  process  which  proceeds  on  the  surface,  but  also  the  decomposition 
of  the  complex  compound  Into  simpler  compounds  which  will  take  place 
throughout  the  bulk  of  the  body. 

The  evaporation  of  the  metallic  and  nonmetalllc  materials  heated 
to  a  definite  temper? -ure  can  be  accompanied  in  close  structures  by  the 
process  of  the  condensation  cf  the  vapors  on  the  cold  surface  of  the 
components,  which  altera  the  physical  characteristics  of  the  material 
(electrical  conduct ivity,  thermal  conductivity ). 

Creep  and  fracture  of  metals  and  alloys  as  a  function  of  severity 
of  the  vacuom,  temperature  and  test  duration.  The  process  of  creep  rup¬ 
ture  for  the  majority  of  the  metals  proceeds  by  means  of  the  formation 
and  development  of  cracks  along  the  grain  boundaries.  Intensified  evap¬ 
oration  of  the  metal  from,  the  grain  boundaries  in  a  hard  vacuum  acceler¬ 
ates  the  fracture  process  if  the  ‘  "-'rial  Is  operating  at  high  tempera¬ 
ture.  However,  by  using  special  .  . ing  we  can  significantly  retard 

the  local  evaporation  from,  the  grain  boundaries.  With  operation  of  a 
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material  in  the  region  of  comparatively  low  temperatures  under  terres¬ 
trial  conditions,  when  evaporation  dues  not  become  particularly  mani¬ 
fest,  a  vacuum  may  even  be  useful,  since  oxidation  under  stress  of  the 
metal  grain  boundaries  (in  the  air)  reduces  the  tensile  strength. 

A  major  Independent  problem  is  that  of  the  condition  of  the  sur¬ 
face  of  products  operating  in  cosmic  space,  since  the  surface  layer  of 
the  metal  is  most  subject  to  damaging  residual  phenomena  after  various 
technological  operations.  Mechanical  working  of  the  high  temperature 
alloys  may  be  the  source  of  two  unfavorable  phenomena:  residual  tensile 
stresses  and  plastic  deformations  In  the  thin  surface  layer  of  the  me¬ 
tal  (depth  of  15-20  microns).  The  residual  stresses  after  mechanical 
working  are  associated  not  only  and  not  so  much  with  the  nonuniform 
plastic  deformation  in  the  machining  process,  as  with  the  nonuniform 
heating  of  the  products  during  the  time  of  this  operation;  the  lower 
the  thermal  conductivity  of  the  metal,  the  higher  the  level  of  the 
residual  stresses  after  machining. 

Just  as  in  the  case  of  operation  under  terrestrial  conditions, 
surface  work  hardening  of  the  parts  Is  undesirable  If  the  temperature 
and  the  duration  of  operation  are  sufficiently  high  for  the  dlffusional 
processes  to  take  place;  for  parts  operating  In  the  region  of  compara¬ 
tively  low  temperatures  work  hardening  is  often  used  as  a  strengthening 
technique.  Under  the  Influcrce  of  the  plastic  deformation,  the  activa¬ 
tion  energy  of  the  diffusion  process  is  reduced  by  1.5-d  times  and  In 
the  surface  layer  of  the  metal  at  elevated  temperatures  there  takes 
place  Intense  further  aging  of  many  heterephase  alleys  which  shortens 
their  operational  life.  In  this  connection  special  requirements  are 
made  on  the  condition  of  the  surface  layer  of  the  roetal.  Cf  great  In¬ 
terest  In  tlus  regard  Is  the  process  cf  eiectropcl lshing  tc  the  depth 

cf  the  layer  damaged  by  the  plastic  deformation.  The  elect rcpol lshing 

. 
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regime  must  be  chosen  so  that  there  Is  no  corroding  of  the  grain  bound¬ 
aries. 

In  many  cases  annealing  of  the  parts  in  a  neutral  medium  is  recom¬ 
mended  for  the  relaxation  of  the  residual  stresses.  The  mechanism  of 
the  relaxation  of  the  residual  stresses  which  arise  in  the  surface 
layer  during  machining  has  a  dual  nature:  the  residual  stresses  can  bo 
rei — 4  with  heating  a  result  of  the  hlgn  ctliTusiona]  mobility  of 
the  atoms  In  the  surface  layer  (which  requires  a  comparatively  low  an¬ 
nealing  temperature),  and  by  means  of  plastic  deformation  or  creep 
urd*r  the  Influence  of  the  residual  stresses  themselves  (which  requires 
higher  temperatures).  It  is  desirable  that  heating  prior  to  rolling  and 
forging  be  carried  out  in  an  inert  medium,  since  the  presence  of  an 
oxide  film  can  lead  to  a  reduction  of  the  high -temperature  strength  in 
the  metal  layer  under  the  oxide  which  is  depleted  of  the  alloying  ele¬ 
ments  which  were  used  in  the  formation  of  the  oxide  film.  The  oxidation 
and  phosphatlzation  of  the  metals,  leading  to  the  creation  on  the  sur¬ 
face  of  the  parts  of  a  dense  film  which  Is  stable  in  a  hard  vacuum,  re¬ 
tard  the  evaporation  process. 

The  state  of  weightlessness  and  also  the  absence  of  aerodynamic 
forces  In  cosmic  space  significantly  facilitate  the  operation  cf  cer¬ 
tain  structural  elements.  Of  course,  the  stress  state  from  the  action 
of  centrifugal  forces,  in  rotating  discs,  for  example,  are  the  same  as 
in  terrestrial  conditions;  in  this  case  a  high  specific  strength  is.  re¬ 
quired.  During  takeoff  from  the  surface  of  the  earth  it  is  necessary  u 
take  into  account  the  high  accelerations  and  vibration.  .Several  struc¬ 
tural  bays,  including  the  cosmonaut's  cabin,  are  under  internal  pres¬ 
sure,  which  makes  it  desirable  to  check  the  materials  for  sensitivity 
to  the  formation  and  development  of  cracks  In  the  plane  stress  state. 
The  need  for  this  sort  of  testing  becomes  particularly  uvicus  if  we 
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consider  that  several  aircraft  accidents  abrodu  which  at  first  appeared 
to  be  due  to  an  explosion  of  the  aircraft  fuselage  were  actually  due 
directly  to  the  rapid  development  of  fatigue  cracks  under  the  influence 
of  the  internal  pressure,  which  created  in  the  structure  a  large  store 
of  potential  elastic  energy.  The  danger  of  such  a  failure  must  be  taken 
into  account  in  the  selection  of  the  material  and  the  design  of  the 
structure  with  consideration  for  possible  penetration  of  a  meteorite 
through  the  skin  of  the  cosmonaut's  cabin. 

Effect  of  extreme  cold  on  materials.  In  outer  space  the  tempera¬ 
ture  of  an  individual  element  of  the  structure  of  flight  vehicles  can 
be  below  -250°,  approaching  absolute  zero.  Therefore  the  questions  of 
cold-brittleness  is  associated  first  of  all  with  the  purity  of  the  me¬ 
tal  in  respect  to  impurities  which  distort  the  crystal  lattice,  which 
makes  it  necessary  to  establish  particularly  high  requirements  on  the 
purity  of  the  metal  for  space  materials.  The  degree  of  purity  of  the 
metal  with  regard  to  npurltles  m<xj  vary  depending  on  the  "tightness" 
of  the  space  they  occupy  In  the  crystal  lattice  with  account  for  the 
fact  that  many  of  the  impurities  are  not  mechanically  embedded  inclu¬ 
sions,  but  atoms  and  compounds  which  interact  with  the  ion-electron 
lattice  of  the  basic  metal;  certain  impurities  are  particularly  danger¬ 
ous  when  they  are  located  along  the  grain  boundaries  of  the  polycrystal 
and  in  this  respect  the  monocrystal  must  be  less  cold-brittle.  The 
"tightness"  of  the  space  occupied  can  be  characterized  in  the  first  ap¬ 
proximation  by  the  lattice  period  tf  the  basic  metal. 

Of  the  metals  with  a  body -centered  cubic  lattice,  niobium  has  the 
largest  lattice  period  and  is  not  cold-brittle  over  a  wide  temperature 
range.  Nickel,  copper  and  aluminum,  having  a  face-centered  cubic  lat¬ 
tice,  are  also  not  among  the  cold-brittle  metals,  however,  it  has  been 
established  that  under  the  Influence  of  neutron  irradiation  at  room 
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temperature  copper  becomes  brittle  at  78°K  -  here  there  Is  manifested 
the  effect  of  copper  atoms  imbedded  In  the  Interstices  of  the  lattice 
itself.  Among  the  hexagonal  metals  beryllium  has  the  "tightest"  spacing 
and  it  is  cold-brittle  even  with  a  slight  content  of  certain  impurities. 
In  the  case  of  the  use  of  niaterials  in  the  region  of  low  temperatures, 
we  must  take  account  of  their  greater  sensitivity  to  stress  concentra¬ 
tion,  particularly  in  the  metals  and  alloys  for  which  with  a  reduction 
of  the  temperature  there  is  a  sharp  increase  of  the  yield  strength 
while  the  plasticity  decreases. 

Impurities  and  enlargement  of  the  grain  usually  reduce  the  frac¬ 
ture  resistance  of  a  metal,  which  depends  only  slightly  on  the  tempera¬ 
ture.  Resistance  to  plastic  deformation  increases  with  reduction  of  the 
temperature  for  those  metals  which  have  a  "tight  space"  for  the  impuri¬ 
ties,  since  thermal  compression  of  the  crystal  lattice  intensifies  the 
Influence  of  the  impurities.  According  to  the  scheme  of  Academician 
A.F.  Ioffe,  at  that  temperature  when  the  yield  point  reaches  the  value 
of  the  tensile  strength  there  occurs  the  phenomenon  of  brittle  fracture 
-  cold-brittleness. 

External  friction  and  wear  of  materials  as  a  function  of  hardness 
of  vacuum.  With  Increase  of  the  severity  of  the  vacuum  the  effect  of 
the  lubricating  action  of  the  gaseous  atoms  is  lost  and  between  dry 
surfaces  experiencing  friction  there  may  occur  seizing  of  the  metal,  a 
manifestation  of  interatomic  interaction.  A  high  vapor  pressure  ex¬ 
cludes  the  use  of  many  lubricants  which  operate  well  under  terrestrial 
conditions.  Thick  lubricants  with  low  vapor  pressure  and  low  rate  of 
evaporation  can  operate  for  a  limited  time  if  the  vacuum  is  not  very 
severe  (10”^  mm  Hg).  These  features  of  friction  in  a  hard  vacuum  pre¬ 
sent  specific  requirements  on  many  structures  and  materials  operating 
in  outer  space. 
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Effect  of  meteorite  particles  on  materials.  The  nature  of  this 
problem  Is  associated  with  the  fact  that  during  an  encounter  between 
meteorite  particles  with  the  surface  of  a  flight  vehicle  there  takes 
place  the  impact  phenomenon  which  is  reminiscent  of  microscopic  explo¬ 
sions,  since  the  velocity  of  these  particles  relative  to  the  earth  is 
very  high  (from  10  to  JO  km/sec.).  We  cannot  exclude  the  possibility  of 
surface  damage  to  the  flight  vehicles,  and  the  dimensions  of  the  damage 
can  exceed  considerably  the  "caliber"  of  the  meteoritic  projectile.  The 
dimensions  of  meteorites  vary  from  fractions  of  a  micron  (meteoritic 
dust)  to  several  tens  of  kilometers.  The  probability  of  encounter  with 
large  particles  is  lower,  the  larger  the  particles.  The  probability  of 
encounter  with  those  meteorites  which  are  capable  of  penetrating  the 
skin  of  the  spacecraft  in  near-earth  space  is  small,  but  it  does  exist 
-  one  case  per  year  if  the  surface  area  of  the  spacecraft  is  equal  to 

p 

100  m  and  the  thickness  of  the  aluminum  skin  is  2  mm.  Today  it  is  far 
from  clear  what  energy  the  meteorite  penetrating  the  skin  will  have  and 
what  danger  it  presents  for  the  Integrity  of  the  cabin  and  the  survival 
of  the  cosmonaut.  We  must  also  take  account  of  the  fact  that  spalling 
on  the  inner  surface  of  the  skin  is  possible,  just  as  is  observed  under 
terrestrial  conditions  in  firing  at  certain  types  of  armorplate. 

The  formation  of  pits  and  small  craters  on  the  surface  of  the 
spacecraft  will  undoubtedly  alter  its  radiative  capability.  It  is  known 
that  a  rough  metal  surface  radiates  heat  about  twice  as  strongly  as  a 
polished  surface.  Special  coatings  which  have  a  high  degree  of  black¬ 
ness  show  practically  no  reaction  to  small  pits  if  in  this  case  the 
primary  surface  of  the  material  with  a  different  radiating  capability 
is  not  bared.  "Bombardment"  of  glasses  by  space  dust  will  of  course  al¬ 
ter  their  optical  properties  at  the  damage  locations.  The  meteorite 
danger  is  particularly  great  for  the  power  plants  which  have  a  large 
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area  of  radiating  coolers. 

Effect  of  solar  and  cosmic  radiation  on  the  structure  and  proper¬ 
ties  of  materials.  By  radiation  we  understand  some  flux  of  waves  or 
particles,  which  may  be  electrically  charged  or  neutral.  Solar  radia¬ 
tion  constitutes  the  spectrum  of  x-ray,  ultra-violet,  visible  and  in¬ 
frared  waves,  and  also  the  flux  of  low-energy  particles;  during  chro¬ 
mospheric  bursts  which  cover  up  tc  25  billion  square  kilometers  of  the 
solar  surface  and  which  increase  by  up  to  10,000  times  the  general  back¬ 
ground  of  the  cosmic  radiation,  there  is  not  only  an  increase  of  the 
overall  brightness  of  the  light  by  5-10  times,  but  there  arises  a  flux 
of  high  energy  (to  10-20  Mev)  particles  (protons)  commensurate  with 
the  energy  of  the  cosmic  particles.  Cosmic  radiation  consists  of  3 
forms  of  radiation:  a)  primary  radiation  consisting  basically  of  pro¬ 
tons  (about  85$)  with  energies  of  0.1  Bev,  a-partlcles  (about  15$)  with 
energies  of  0.1  Bev  and  a  small  number  of  nuclei  of  heavy  atoms  (nitro¬ 
gen,  oxygen  and  carbon)  with  huge  energy  (10^  Bev);  b)  secondary  radia¬ 
tion  consisting  of  electrons  (250  Mev),  positrons  (250  ev),  neutrons 
(to  10  Mev),  7-rays  (to  120  Mev),  x-rays  (tc  120  kev),  mesons  (l  Bev); 
c)  the  radiation  band  about  the  earth,  apparently  consisting  of  elec¬ 
trons  (to  600  kev)  and  protons  (to  650  Mev). 

At  the  present  time  it  is  customary  to  speak  of  the  following  rad¬ 
iation  bands:  1)  outermost  band  of  particles  of  low  energy  (hundreds  of 
kev)  which  are  visitors  from  the  Galaxy,  radiation  intensity  very  low; 

2)  outer  band  of  electrons  and  protons  with  energies  to  1  Mev;  3)  inner 
band  of  particles  of  high  energy  of  the  order  of  100  Mev,  according  to 
certain  US  data  (possibly  overestimated)  the  proton  energies  can  reach 
650  Mev;  4)  an  artificial  band  which  is  the  result  of  the  explosion  of 
the  US  hydrogen  bomb  at  high  altitude  which  formed  a  huge  cavern  in  the 
magnetic  field  of  the  earth  and  gave  rise  to  particles,  primarily  elec- 


373^ 


11-15*9 

trons,  of  high  intensity  and  high  energy  of  the  order  of  1.5  Mev.  At 
high  altitude  the  artificial  radiation  band  can  exist  for  years,  while 
in  the  dense  layers  of  the  atmosphere  it  can  exist  only  a  comparatively 
short  time. 

Beyond  the  limits  of  the  radiation  bands  there  stretches  the  in¬ 
terplanetary  space  in  which  there  blows  continuously  the  "solar  wind," 
carrying  with  it  particles  with  energies  of  the  order  of  1  kev.  The 

O 

shortwave  (1-20A)  solar  radiation  leads  to  very  weak  displacement  of 

O 

the  atoms  in  materials,  radiation  with  wavelength  from  1000  to  2000A 
causes  ionization  of  the  atoms,  and  the  still  longer  wavelengths  (2000- 

O 

3000k)  excite  the  electrons.  There  is  no  radiation  on  the  earth  with 

o 

wavelength  shorter  than  3000A,  it  simply  does  not  reach  the  earth.  The 
thermal  balance  is  determined  primarily  by  the  longwave  radiation  while 

O 

the  wavelengths  shorter  than  3000A  introduce  no  more  than  Vf>  of  the  en- 
into  the  overall  balance.  The  energy  of  an  individual  quantum  of  radia- 

O 

tion  with  wavelength  less  than  3000A  is  equal  to  4  v.  The  reflection 
coefficient  of  the  anodized  surface  of  the  aluminum  alloys  may  be  re¬ 
duced  under  the  influence  of  the  solar  radiation. 

Even  in  terrestrial  conditions,  where  it  has  considerably  less  in¬ 
tensity  than  in  space,  the  solar  radiation  has  a  large  effect  on  the 
structure  and  properties  of  the  nonmetallic  materials  which  are  of  pri¬ 
marily  an  organic  nature.  This  effect  is  amplified  In  space,  and  we  must 
take  account  not  only  of  evaporation,  but  also  cyclic  heating  which 
causes  thermal  stresses  wh’ch  are  favorable  to  cracking.  All  the  parti¬ 
cles  which  carry  energy  are  of  importance  in  the  radiation  action  on 
the  nonmetallic  materials.  Regardless  of  the  nature  of  the  radiation, 
the  decisive  factor  is  the  amount  of  energy.  The  alteration  of  the 
chemical,  physical  and  mechanical  properties  of  the  nonmetallic  mater¬ 
ials  is  associated  with  two  basic  irreversible  processes  taking  place 
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during  irradiation:  a)  decomposition  of  the  molecules,  their  destruc¬ 
tion,  here  the  strength  is  reduced;  b)  "crosslinking"  of  chains  of  mol¬ 
ecules  as  a  result  of  the  appearance  of  lateral  bonds  between  them, 
here  the  strength  and  thermal  resistance  are  increased  whife  the  plas¬ 
ticity  is  reduced.  These  two  irreversible  reactions  can  proceed  simul¬ 
taneously,  with  predominance  of  one  of  them  at  a  particular  stage  of 
the  irradiation  (for  example,  the  destruction  of  a  material  with  long¬ 
term  radiation).  The  formation  of  a  new  form  of  interatomic  bond  (lat¬ 
eral  bona)  in  many  of  the  nonmetallic  materials  can  be  considered  as 
the  result  of  ionization  which  appears  comparatively  easily  in  these 
materials  with  various  forms  of  irradiation. 

The  primary  effects  of  radiation  on  the  metallic  materials  are: 
l)  Ionization  of  the  atoms  -  the  result  of  the  elastic  collision  of  a 
cosmic  particle  with  the  orbital  electrons,  where  the  outer  electrons 
are  most  easily  "torn  loose."  In  the  structural-type  metals  ionization 
is  not  of  essential  importance,  but  in  instrument  materials,  for  exam¬ 
ple,  insulators  or  semiconductors,  the  displaced  electrons  can  fall  in 
the  conductance  band,  whioh  makes  them  current  conductors. 

2)  The  formation  in  the  crystal  lattice  of  "Frenkel  pairs",  i.e., 
vacancies  and  Interstitial  atoms,  is  the  result  of  the  elastic  colli¬ 
sion  of  a  cosmic  particle  with  the  nucleus  of  an  ionized  atom.  This  ef¬ 
fect  has  a  decisive  influence  on  the  properties  of  the  constructional 
materials.  If  the  particle  transfers  considerable  energy  to  the  metal 
atom,  this  atom  in  its  turn  can  be  the  source  for  the  formation  of  a 
Frenkel  pair.  The  energy  of  formation  of  the  Frenkel  pair  is  relatively 
small  (about  25  ev)  and  particles  with  high  energy  are  capable  of  caus¬ 
ing  significant  changes  in  the  metal  structure.  Neutrons,  as  a  result 
of  the  absence  of  a  charge,  are  capable  of  penetrating  far  into  the 
depth  of  the  crystal  lattice.  The  protons  cf  the  radiation  belts  and 
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the  protons  arising  in  large  numbers  daring  solar  flares  and  having 
high  energy  are  also  capable  of  penetrating  to  a  comparatively  great 
depth.  Many  physical  and  mechanical  properties  are  structurally  sensi¬ 
tive.  As  a  result  of  the  appearance  of  the  interstitial  atoms  and  va¬ 
cancies,  the  electroresistance  of  the  metals  increases  and  the  mechani¬ 
cal  properties  change  in  a  definite  manner:  resistance  to  plastic  de¬ 
formation  increases,  particularly  in  its  beginning  stage  (yield  limit), 
and  the  plasticity  decreases;  in  many  cases  cold-brittleness  of  the 
metals  appears  (in  molybdenum,  for  example);  the  probability  of  brittle 
fracture  is  higher,  the  larger  the  radiation  dose.  Thermal  treatment 
reduces  the  effect  of  irradiation  as  a  result  of  the  recombination  of 
the  Frenkel  pairs.  Here  the  diffusional  mobility  of  the  atoms,  which 
eliminates  the  structural  defects  caused  by  the  radiation,  plays  a  fa¬ 
vorable  role. 

3)  The  protons  with  comparatively  low  energy  (of  the  order  of  100 
kev),  which  occur  along  with  the  electrons  in  the  radiation  which  gives 
rise  to  the  polar  aurora,  are  capable,  just  as  many  other  particles,  of 
causing  atomization  of  the  surface  of  the  spacecraft  skin.  An  atom  lo¬ 
cated  on  the  surface  of  the  materials,  under  the  influence  of  the  im¬ 
pact  of  cosmic  particles,  may,  losing  the  bond  with  its  neighbors,  not 
penetrate  into  the  material  (which  leads  to  the  formation  of  the  Fren¬ 
kel  pairs),  but  may  go  into  the  external  medium,  tearing  away  from  the 
material.  The  rate  of  this  atomization  can  amount  to  about  1  micron  per 
year  in  near-earth  space.  Atomization  as  a  result  of  cosmic  radiation 
will  alter  the  physical  properties  of  the  material  surface  and  will  ef¬ 
fect  the  operation  of  systems  (solar  batteries,  mirrors,  etc.)  where 
the  quality  of  the  surface  (primarily  optical  qualities)  are  of  import¬ 
ance.  This  atomization  can  be  considered  as  evaporation  under  the  in¬ 
fluence  of  the  cmosmlc  particles,  since  in  both  cases  there  is  destruc- 
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tion  of  the  interatomic  bond  on  the  material  surface  with  loos  of  atoms 
into  the  environment. 

4)  The  penetration  of  a  cosmic  particle  into  a  body  is  accompanied 
by  elastic  oscillations  of  the  crystal  lattice,  with  which  the  thermal 
effect  during  irradiation  is  connected.  According  to  the  computations 
of  P.  Zeitz,  during  neutron  irradiation  a  local  increase  of  temperature 
to  10,000°K  in  a  time  of  the  order  of  10-11  sec  is  possible.  The  "therm¬ 
al  peak"  along  the  path  of  the  penetrating  particle  is  similar  to  a 
"microatomic  explosion"  involving  millions  of  atoms.  If  the  atoms  are 
near  the  surface,  their  evaporation  at  the  moment  of  formation  of  the 
"thermal  peak"  is  not  impossible.  Calculations  show  that  metals  having 
self-diffusion  activation  energy  of  less  than  92,000  cal/g-atom,  and 
this  includes  most  of  the  metals,  can  melt  in  the  "thermal  peak"  zone 

in  a  time  of  10-11  seconds.  In  this  case  the  recombination  of  a  portion 
of  the  Frenkel  defects  is  very  probable.  Many  refractory  metals  (W,  Mo, 
Ta),  in  spite  of  such  a  high  temperature  (10^  °K),  simply  do  not  melt 
and  the  recombination  of  the  Frenkel  pairs  is  very  unlikely  for  them. 

It  may  be  that  this  is  one  of  the  reasons  why  molybdenum  Is  markedly 
embrittled  by  irradiation. 

5)  In  the  fissionable  materials  (uranium  and  others)  the  result  of 
the  inelastic  collision  of  a  particle  with  the  nucleus,  leading  to  de¬ 
composition  of  the  nucleus,  is  the  formation  of  new  elements.  Consider¬ 
ing  that  the  energy  of  the  particles  of  the  primary  cosmic  radiation 
exceeds  by  several  orders  the  energy  of  the  neutron  radiation  in  atomic 
boilers,  we  would  expect  that  certain  cosmic  particles  not  only  alter 
the  structure  and  properties  of  the  metals,  but  also  lead  to  a  nuclear 
transformation. 

The  theoretical  prediction  of  the  result  of  the  interaction  of 
cosmic  particles  having  high  energies  of  the  primary  radiation  with  the 
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nuclei  of  the  crystal  lattice  of  the  various  metals  without  knowing  the 
mechanism  of  this  interaction  is  very  difficult.  Just  as  it  is  diffi¬ 
cult  to  evaluate  in  this  case  the  possibility  of  the  transformation  of 
certain  elementary  particles  into  others,  although  we  must  take  account 
of  several  changes  of  the  surface  layer.  It  is  possible  that  a  detailed 
analysis  of  the  iron  meteorites  which  can  be  irradiated  for  very  long 
periods  of  time  in  cosmic  space  by  particles  of  various  energies  and  in 
differing  temperature  conditions  may  be  of  assistance  in  the  solution 
of  this  problem,  particularly  since  the  penetration  of  the  earth's  at¬ 
mosphere  during  entry  of  the  meteorite  effects  the  surface  of  this  ce¬ 
lestial  body  only  to  a  depth  of  the  order  of  1  cm.  According  to  certain 
sources,  a  considerable  number  of  iron  isotopes  have  already  been  dis¬ 
covered  in  the  meteorites.  Of  very  great  interest  is  the  study  of  the 
various  lunar  materials,  since  the  moon  has  no  atmosphere  to  absorb  the 
primary  impact  of  the  cosmic  particles  and  meteorites  as  in  the  case  of 
the  earth. 

Cosmic  radiation  apparently  does  not  present  major  danger  for  the 
structural  strength  of  a  rocket  (comparatively  small  radiation  does). 
But  tht.re  is  no  doubt  about  the  danger  of  the  destruction  of  certain 
refractory  alloys  used  in  the  zone  of  intense  neutron  radiation  which 
occurs  in  atomic  power  plants. 

Effect  of  aerodynamic  heating  (surmounting  the  "thermal  barrier"). 
Aerodynamic  heating  takes  place  during  both  launch  and  re-entry  into 
the  earth's  atmosphere.  Launch  of  a  flight  vehicle  is  performed  in  ac¬ 
cordance  with  a  definite  program  which  is  specified  in  its  design;  in 
this  case  the  problem  of  aerodynamic  heating  is  resolved  in  stages, 
and  the  flight  vehicle  reaches  high  speeds  in  the  upper  layers  of  the 
atmosphere  where  the  aerodynamic  heating  is  less  severe  than  near  the 
earth.  Re-entry  into  the  earth's  atmosphere  may  be  accomplished  along 
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a  steep  trajectory  (guided  missile)  or  along  a  flat  trajectory  (satel¬ 
lite  or  manned  spacecraft)  when  the  motion  in  the  atmosphere  is  stretch¬ 
ed  out  over  a  long  time  period  in  order  to  reduce  the  aerodynamic  heat¬ 
ing. 

The  stagnation  temperature  on  the  surface  (TT)  of  the  flight  vehi¬ 
cle  can  be  evaluated  approximately  from  the  equation: 

Tt  *  th  ^  +  °*i8m2)> 

where:  TH  is  the  absolute  air  temperature  at  the  flight  altitude;  M  is 
the  Mach  number  for  the  given  flight  speed.  Thus,  the  skin  surface  tem¬ 
perature  is  proportional  to  the  square  of  the  Mach  number  and  increases 
rapidly  with  increase  of  the  flight  speed.  Therefore,  for  flight  vehi¬ 
cles  returning  to  the  earth  it  is  necessary  to  have  a  definite  system 
for  thermal  protection  so  that  the  heat  transfer  into  the  structure 
will  not  exceed  definite  values  and  the  material  will  not  overheat.  In 
the  case  of  turbulent  flow  at  a  high  Mach  number,  nonunlform  heating  of 
the  structure  and  its  deformation  cannot  be  avoided. 

These  conditions  in  which  the  space  materials  operate  do  not  de¬ 
termine  all  the  requirements  Imposed  on  this  group  of  materials  by  any 
means.  Additional  specific  requirements  are  Imposed  on  reactor  materi¬ 
als,  coatings  with  specific  optical  and  other  physical  properties,  ma¬ 
terials  for  direct  energy  conversion  and  many  other  materials  which  are 
necessary  for  particular  flight  vehicles,  whether  these  be  satellites 
or  spaceships  Intended  for  interplanetary  flights.  Space  material  sci¬ 
ence  as  a  new  branch  of  science  and  engineering  is  developing  under  ex¬ 
tremely  difficult  conditions,  since  we  cannot  yet  calculate  theoretical¬ 
ly  many  properties  of  the  materials  because  of  their  sensitivity  to  the 
structure,  and  exact  experimentation  Is  p OS  slble  only  in  space  condi¬ 
tions,  which  are  difficult  to  simulate  in  earth-bond  laboratories. 

For  the  Integral  evaluation  of  the  effect  of  the  various  factors 
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simulating  cosmic  space  on  the  behavior  of  materials,  Individual  in¬ 
struments  and  complex  designs,  use  Is  made  of  hard-vacuum  chambers  in 
which  both  the  test  objects  and  various  radiation  sources  can  be  placed. 
The  best  laboratories  for  the  evaluation  of  the  behavior  of  materials 
and  complete  systems  operating  In  cosmic  conditions  are  artificial 
earth  satellites,  particularly  when  they  are  returned  from  space  to  our 
planet  in  accordance  with  a  special  program  which  provides  for  preser¬ 
vation  of  the  most  important  structural  elements. 

S.T.  Kishkin 
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SPALLATION  -  a  type  of  brittle  (without  plastic  deformation)  frac 
ture  occurring  under  the  action  of  tangential  stresses.  Spallation  is 
never  (or  very  rarely)  observed  in  metals,  since  tangential  stresses 
sufficient  to  produce  fracture  cause  plastic  deformation.  It  occurs  in 
giaas  and  other  very  brittle  materials,  as  on  indentation  (taking  a 
petalous  form).  In  some  cases  slight  plastic  deformation  occurs  in 
glass  on  indentation,  e.g.,  a  slight  indentation  may  be  produced  by 
the  indentor  during  testing  for  Microhardness. 


Ya.B.  Fridman 
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SPECIAL  BRASS  is  brass  which  is  alloyed  with  one  or  more  of  the 
following  elements:  aluminum,  silicon,  tin,  nickel,  manganese,  iron  and 
lead.  These  additives  improve  the  corrosion  resistance  of  the  brasses, 
the  strength,  hardness,  fluidity  and  reduce  the  grain  size,  while  the 
lead  improves  the  machinability  and  the  antifriction  properties  as  well. 
Additional  alloying  of  the  aluminum  brasses  with  nickel  improves  not 
only  the  strength  and  corrosion  resistance,  but  also  increases  the 
aluminum  and  zinc  content  in  the  a-copper-zinc  alloys,  since  the  nickel 
broadens  the  region  of  the  a  brasses.  The  addition  of  iron  to  the  a 
brasses  strongly  refines  the  grain  and  raises  the  recrystallization 
temperature. 

Depending  on  the  purpose,  the  special  brasses  are  divided  into 
wrought  and  cast  (see  Cast  Brass).  The  name  of  the  special  brasses 
comes  from  the  alloying  element,  for  example,  the  special  brass  con¬ 
taining  aluminum  is  tenned  "aluminum  brass." 

For  the  effect  of  each  of  the  forementioned  additives  on  the  cor¬ 
rosion  resistance  of  the  brasses,  see  Corrosion  Resistant  Wrought  Brass, 
for  the  effect  on  the  structure  and  other  properties,  ana  also  the 
field  of  application,  see  Aluminum  Brass,  Silicon  Brass,  Manganese 
Brass,  Naval  Brass,  Nickel  Brass,  Leaded  Brass,  Muntz  Metal.  Nineteen 
types  of  special  brasses  are  produced  in  accordance  with  GOST  1019-47. 
They  are  used  for  the  fabrication  of  semimanufactures  In  the  form  of 
3heet  ribbon,  strip,  tubes,  rods  and  wire.  Widest  usage  Is  made  of  the 
following  special  brasses:  LNC5-9,  LZhMts59-l-l,  U!ts96-2,  LC90-1, 

1062-1 ,  LS59-1  and  LK80-3. 


II76kl 

The  LZhMts59-l-l  brass  has  the  following  chemical  composition  (*): 
57-60  Cu;  0. 1-0.2  Al;  0.3-0.  7  Sn;  0.6-1. 2  Fe  and  0.5-0.  8  Mn.  The  ten¬ 
sile  strength  of  the  LZhKts59-l-l  brass  In  the  soft  condition  Is  45  kg/ 

p 

/mm'  ,  the  relative  elongation  Is  50^.  The  physical  properties  are:  y  = 

«  8.5  g/cnr\  a  =  22. 10”6  l/°C,  c  =  0.24  cal/cm-sec-°Cj  p  =  0.093  ohm- 

p  p 

mm'  /m;  E  ■  10,600  kg/mm  .  The  melting  point  Is  900°,  hot -work  tempera- 
ire  is  650-750°,  arneal  at  600-650°.  The  LZhMts59-l-l  brass  is  used 
for  producing  strip,  rods,  wire  and  tubes. 


&  V  1  HB  ,'mm^ 


Fig.  1.  Variation  of  mechanical  properties  of  the  LZhNts59-l-l  brass 
with  degree  of  deformation,  l)  kg/mm2;  2)  degree  of  deformation. 


Fig.  2.  Variation  of  mechanical  properties  of  LZhMts59-l-l  brass  with 
annealing  temperature,  l)  kg/mr2;  2)  annealing  temperature. 


Fig.  3-  Variation  of  mechanical  properties  of  LZhMts59-l-l  brass  with 
temperature.  1)  kg/mm2;  2)  temperature. 
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Figures  1-3  show  the  variation  of  the  mechanical  properties  of 
LZhMts59-l-l  brass  with  degree  of  deformation  and  temperature. 

References:  Mal'tsev  M.V.  ,  Barsukova  T.A. ,  Borin  F.A. ,  Metallo- 
grafiya  tsvetnykh  metallov  1  splavov  [Metallography  of  Nonferrous  Me¬ 
tals  and  Alloys],  M.  ,  i960;  Smlryagln  A.  P.  ,  Promyshlennyye  tsvetnyye 
metally  1  splavy  [Industrial  Nonferrous  Metals  and  Alloys],  2nd  ed.  , 

M. ,  1956;  Spravochnlk  po  mashinostroitel 'nym  materialam  [Handbook  on 
Machine  Construction  Materials],  Vol.  2,  M.  ,  1959* 

Ye. S.  Shpichinetskiy 
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SPECIFIC  DEEP  RESISTANCE  p  -  a  characteristic  of  material  defined 
as  the  ratio  of  the  voltage  E  of  an  electric  field  (the  force  with 
which  it  acts  on  a  unit  charge)  to  the  current  density  I  which  it  pro¬ 
duces  (the  quantity  of  electricity  passing  through  a  unit  area  perpen¬ 
dicular  to  the  direction  of  its  movement  over  a  unit  time): 

E 

0=T 

o 

It.  is  usually  expressed  in  ohm*  cm.  In  electrical  engineering  ohm*  mm  /m 
is  used  as  the  unit.  The  specific  deep  resistance  of  different  sub- 
stances  found  in  nature  varies  within  extremely  wide  limits,  from  10 
for  highly  conductive  metals  (silver,  copper,  aluminum)  to  lO^-lO1^ 
ohm* cm  for  high-quality  insulating  materials  (mica,  polystyrene,  poly¬ 
ethylene  ) . 

Materials  with  a  p  of  from  10"°  to  10--5  (metals  and  alloys)  are 
referred  to  as  conductors.  The  specific  deep  resistance  of  metals  is 
usually  increased  by  cold  drawing  and  when  impurities  are  present  and 
reduced  by  annealing.  At  sufficiently  high  temperatures  the  deep  resis¬ 
tance  of  pure  metals  is  roughly  proportional  to  the  absolute  tempera¬ 
ture  T.  At  normal  temperatures  the  thermal  coefficient  of  deep  rests- 
tance  for  the  majority  of  pure  metals  is  3-o*10"J  degree"  .  The  specif¬ 
ic  deep  resistance  of  alloys  is  generally  substantially  higher  than 
that  of  pure  metals,  while  their  thermal  coefficient  of  deep  resistance 
is  considerably  lower.  In  certain  special  alloys  (constantan,  manganin) 
this  coefficient  approximates  to  zero  at  normal  temperatures.  At  tem¬ 
peratures  near  absolute  zero  the  specific  ^eep  resistance  or  pure  met- 
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als  is  roughly  proportional  to  T^.  In  the  temperature  interval  0-10°K 
a  number  of  metals  and  alloys  suddenly  pass  into  a  state  of  supercon¬ 
ductivity,  which  is  characterized  by  a  specific  deep  resistance  of  vir¬ 
tually  zero. 

O 

Materials  with  a  p  of  more  tnan  10°  ohm* cm  are  dielectrics.  The 
thermal  function  of  specific  deep  resistance  for  dielectrics  is  often 
expressed  by  the  formula: 

H 

o  r 

Technical  electrolytes  and  semiconductors  occupy  a  position  inter¬ 
mediate  between  conductors  and  dielectrics.  This  category  includes  non- 
metallic  elements  of  groups  IV,  V,  and  VI  of  the  Mendeleyevian  periodic 
system,  inorganic  compounds  {oxides,  sulfides,  etc.),  certain  metallic 
alloys,  and  organic  dyes.  The  specific  deep  resistance  of  semiconduc¬ 
tors  drops  with  temperature.  That  of  electrolyte  solutions  also  de¬ 
creases  with  temperature,  but  passes  through  a  minimum  In  certain  cas¬ 
es. 

L.S.  Priss 


3  7  d  7 


III-120p 


SPECIFIC  STRENGTH  —  generally  the  ratio  of  the  ultimate  tensile 
strength  d^  of  a  material  is  kg/cm  to  its  specific  gravity  d  in  kg/ 

/  cnA  This  characteristic  has  the  dimension  of  length  (cm)  and  physi¬ 
cally  represents  the  length  at  which  a  rod  with  a  cross  section  of  1 
2 

cm  fails  under  its  own  weight.  Specific  strength  is  the  principal  cri¬ 
terion  for  selection  of  materials  for  components  whose  tensile  fracture 
load  has  been  computed.  In  this  case  the  condition  o^/Cq  2  ^f  should  be 
observed  for  all  comparable  materials,  where  f  is  the  safety  factor 
and  6^  2  is  the  tensile  yield  strength.  If  dfc/d0  2>  f,  the  arbitrary 
ultimate  strength  =  dQ  2f  must  be  used  in  making  a  comparative  eval¬ 
uation  of  the  specific  strengths  of  materials.  On  axial  compression  the 
criterion  of  specific  strength  is  the  ratio  00  2szh//'Y'  those  cases 
where  the  component  cross  section  is  selected  from  the  fracture  condi¬ 
tions  on  loss  of  stability  due  to  compression,  shear,  bending,  etc, 

*he  basic  criteria  of  the  gravimetric  efficiency  of  a  material  in  a 
structure  are  the  various  indices  of  Specific  rigidity.  When  a  compon¬ 
ent  must  operate  for  prolonged  periods  at  hgih  temperatures,  where  the 
calculated  loads  are  determined  from  the  creep  cf  the  material,  the 
ratio  of  creep  strength  to  specific  gravity  is  the  criterion  of  speci¬ 
fic  strength. 

S.I.  Kishkina-Ratner 
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SPECIFIC  STRENGTH  -  is  a  criterion  used  for  the  selection  of  a 
material  ensuring  th<  required  strength  at  a  minimum  weight  of  the  con¬ 
struction.  The  specJ  ic  modulus  of  elasticity,  E/y  is  such  a  criterion 
within  the  range  of  elastic  deformations. 

The  weight  of  thin-walled  metal  construction  used,  for  example, 
in  aviation  and  rocket  engineering  limits  in  many  cases  the  requirement 
of  a  sufficient  local  stability,  j '/Ely  is  the  criterion  in  the  case  of 
compression  (along  the  long  side),  shearing,  and  transversal  bending  of 
thin-walled  parts  (flat  or  cylindrical  parts  with  a  radius  of  curvature 
R/6>3000,  and  a  ratio  of  the  sides  a/b>3)  (Fig.  ).  The  critical  load  of 
thin-walled  parts,  the  bending  under  a  transversal  load,  for  example, 
is  proportional  to  the  cylindrical  strength  />4=E6vi2(i-i»*)  .  Ihe  ratio  of 
the  weights  (G)  of  a  part  with  the  thickness  6,  made  from  different  ma¬ 
terials  (1  and  2)  is  equal  to 


JT  V  B,  ’  C,  V,4,  Y  £  y)i 

under  the  condition  that  the  required  strength  maintains  a  fixed  value 
(D  *  const).  In  the  elastic  range,  the  equation 


r„ 


is  valid. 

The  quantity  VSn  serves  as  a  criterion  in  the  case  when  the  cri- 

2 

tical  loads  are  proportional  to  E*  6  ,  for  example,  in  the  case  of  com¬ 
pression  or  bending  of  a  long  thin-walled  cylinder  (1>0.75Rj  R/$>100). 
Thus,  the  specific  strengt n  is  not  an  unequivocal  criterion.  The  criter 

la  of  strength  are  used  together  with  th*  criteria  of  rigidity  <vy«vy> 
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for  example)  for  the  determination  of  the  reasonable  temperature  limits 
in  the  use  of  different  alloys. 


Pig.  Comparison  of  the  criteria  of  strength  of  certain  alloys:  a)  (E/ 
/y)  10""^;  b)  ;  1)  Heat- treatable  steel  ZOKhGSA  (7  =  7.85);  2) 

titanium  alloy  VT5-1  7  *  4.5);  3)  aluminum  alloy  D16AT  (7  =  2.78);  4) 
magnesium  alloy  MA13  (7  =  1.8).  A)  kg/mm2;  B)  kg/mrrA 

Ya.  A.  Disman 
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SPECIMENS  FOR  MECHANICAL  TESTS.  The  size  and  shape  of  specimen.' 
are  determined  by  the  method  of  mechanical  testing  and  the  type  of  com¬ 
ponent  (semifinished  product)  from  which  they  .-.re  prepared.  Specimens 
with  working  segments  of  round  and  rectangular  cross-section  are  the 
most  common. 

When  specimens  for  mechanical  tests  are  prepared  on  metal -cutting 
machine  tools  the  machining  process  should  not  alter  the  characteris¬ 
tics  of  the  material  and  heating  to  temperatures  above  50°  and  cold- 
working  are  consequently  impermissible.  Observation  of  proper  specimen- 
fabrication  technolugy  is  especially  important  for  materials  with  a 
high  sensitivity  to  surface  condition  (high-strength  steels  and  al¬ 
loys).  The  surface  of  the  working  segment  of  the  specimen  should  be  ma¬ 
chined  to  a  finish  of  at  least  class  6.  The  size  and  shape  of  the  heads 
of  the  specimen  are  determined  by  the  manner  in  which  it  is  fastened  in 
the  holding  devices  of  the  test  machine  (directly  in  the  Jaws  of  the 
machine,  with  the  aid  of  inserts,  through  a  rod,  etc.).  The  working 
segment  of  the  specimen  passes  into  the  heads  in  a  smooth  curve,  form¬ 
ing  a  so-called  fillet.  The  fillets  are  machined  with  the  same  care  as 
the  working  segment,  since  a  fillet  with  scores,  sharp  changes  In 
cross-section,  nicks,  etc.,  becomes  a  site  of  premature  fracture.  The 
dimensions  of  the  working  segment  are  held  to  predetermined  tolerances, 
but  are  measured  before  testing.  In  specimens  for  large-scale  tests  it 
is  best  to  make  the  tolerance  for  the  basic  size  of  the  working  segment 
quite  rigid,  so  that  the  test  results  can  be  calculated  from  the  nomi¬ 
nal  size,  without  measuring  each  specimen.  Flat  specimens  equal  in 
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thickness  to  the  initial  material  are  cut  from  sheets  and  thin  strips; 
the  surface  layer  is  left  intact.  I 

Small  tubes ,  strips,  wire,  and  cast  specimens  are  generally  tested 
without  machining.  It  is  recommended  that  flat  specimens  be  cut  from 
semifinished  products  (shapes,  stampings,  etc.)  with  elements  having  a 
rectangular  cross-section.  Round  specimens  are  usually  cut  from  semi¬ 
finished  products  and  large  components,  the  cutting  site  and  direction 
being  stipulated  by  the  technical  specifications  or  plans.  In  order  to 
produce  guaranteed  properties  specimens  are  cut  from  the  sites  of  pos¬ 
sible  defects  in  the  direction  perpendicular  to  the  deformation  (roll¬ 
ing,  drawing)  axis  for  semifinished  products  and  from  the  most  severely 
stressed  area  for  finished  products.  Specimen  size  and  shape  affect 
certain  of  the  mechanical  characteristics  of  materials.  Geometric  simi¬ 
larity  of  specimens  of  different  sizes  does  not  always  Insure  that  the 
test  results  will  be  comparable.  In  the  majority  of  materials  an  in¬ 
crease  in  specimen  size  causes  a  decrease  in  ultimate  plasticity  (com¬ 
pression,  elongation)  and  fracture  resistance  (especially  rupture  re¬ 
sistance),  a  considerable  drop  in  durability  and  resistance  to  repeated 
static  loading,  and  a  rise  in  notch  sensitivity  (see  Geometric  slmllar- 
it*). 

The  majority  of  specimens  for  mechanical  tests  are  standardized  by 
appropriate  GOST  and  technical  specifications.  Specimens  for  Tensile 
testing  at  room  temperature  are  described  in  GOST  1497-61,  while  those 
for  tensile  testing  at  elevated  temperatures  are  described  in  GOST 
965I-6I.  Similar  specimens  are  used  for  determining  long-term  strength 
(GOST  10145-62)  and  creep  (GOST  3248-60).  Definite  specimen -dimension 
ratios  have  been  established  to  insure  comparability  of  tensile-test 
results.  The  GOST  and  the  standards  of  the  majority  of  European  coun¬ 
tries  have  adopted  two  specimen  ratios:  10-fold,  with  =  lOd  = 
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=  11.3  Jv  $  and  five -fold  (shortened),  with  JQ  =  3d  * 
=  5.65  «/>,  where  iQ  Is  the  calculated  length  over 
which  elongation  is  measured,  d  Is  the  diameter  of  a 
r<>und  specimen,  and  F  is  the  cross-sectional  area 
(of  a  flat  of  round  specimen).  Ten -fold  specimens 
with  a  diameter  of  20  mm  are  referred  to  as  "nor¬ 
mal,"  with  all  other  dimensions  being  proportional. 
In  the  U.S.A.  tensile  tests  are  conducted  with  a 
standard  round  specimen  0.5  Inches  (12.7  mm)  in  dia¬ 
meter  and  with  a  calculated  length  of  2  inches  (50. 8 
mm),  l.e. , 

01  )Ti- 

The  elongation  under  tension  is  greatly  affected  by 
the  ratio  1^*1 F  and  the  multiplier  (l^/d)  is  there¬ 
fore  always  indicated  by  a  subscript  to  the  symbol  for  elongation, 
e.g. ,  6^  for  a  five-fold  specimen.  The  shorter  the  calculated  length, 
the  higher  is  the  relative  elongation,  since  concentrated  deformation 
plays  a  larger  part  in  total  elongation  (6^  is  always  higher  than 
for  steel  6^  -  1.25  d10).  Relative  elongation  also  depends  on  the 
cross-sectional  shape  of  the  specimen  and  is  lower  for  a  rectangular 
specimen  than  for  a  round  specimen  of  equal  cross-sectional  area.  The 
elongations  of  flat  and  round  specimens  are  approximately  the  same  when 
the  ratio  b/a  £  5  (where  b  is  the  width  of  the  flat  specimen  and  a  is 
its  thickness).  In  order  to  keep  the  heads  (fllletB)  from  affecting  the 
value  obtained  for  elongation  it  is  necessary  to  satisfy  the  condition 
i  «  Jq  j>  d  (where  i  is  the  working  length,  or  the  distance  between  the 
heads,  1Q  is  the  calculated  length,  and  d  is  the  diameter  of  the  work¬ 
ing  segment).  The  sizes  and  shapes  recommended  for  the  heads  and  tran¬ 
sition  areas  by  the  COST  can  be  varied  in  accordance  with  the  test  con- 

3753 


Fig.  1.  Speci¬ 
men  for  testing 
brittle  materi¬ 
als. 
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Fig.  2.  Graph 
showing  com¬ 
pression  of 
copper  as  s 
function  of 
specimen  size 
(G.  Sachs).  1) 
kg/mm*. 


ditions  or  the  characteristics  of  the  material.  In  order  to  provide  re¬ 
liable  fixation  in  the  test-machine  clamps,  specimens  prepared  from 
sheets  of  high-strength  steels  and  alloys  are  made  with  heads  having 
holes  beneath  the  pegs  that  fix  the  specimen  on  the  rod.  All  flat  spec¬ 
imens  for  tests  at  high  and  low  temperatures  are  fabricated  with  simi¬ 
lar  heads.  In  order  to  prevent  warping  plates  of  the  appropriate  shape 
can  be  fastened  or  welded  to  both  sides  of  the  heads  of  specimens  cut 
from  thin  sheets.  Specimens  with  a  working  segment  of  varying  cross- 
section  (Fig.  1),  which  follows  a  radius  of  large  curvature,  are  used 
for  tensile -testing  brittle  materials. 

Micromechanical  tensile  tests  are  conducted  on  round  specimens 
0.5-1* 2  mm  in  diameter  and  flat  specimens  up  to  1  ram  thick  with  a  total 
length  of  10-13  mm;  these  specimens  are  prepared  with  special  care  on 
watch-making  tools.  Compression  tests  are  conducted  on  short  round, 
square,  and  rectangular  specimens,  which  eliminate  the  possibility  of 
loss  of  stability  during  testing.  In  preparing  compression  specimens 
the  faces  must  be  kept  strictly  perpendicular  tc  the  longitudinal  axis 
and  carefully  machined  (to  a  finish  of  class  8-9).  Specimens  in  the 
form  of  cubes  are  often  prepared  from  brittle  materials  (concrete, 
etc.).  The  results  of  compression  tests  depend  on  the  ratio  of  the 
specimen  dimensions.  For  plastic  materials  an  Increase  In  the  ratio 
d/h  (where  d  is  the  specimen  diameter  and  h  Is  the  specimen  height) 
leads  to  a  rise  in  deformation  resistance  (Fig.  2),  which  is  associated 
with  an  Increase  in  the  influence  of  friction  along  the  faces.  Cylin¬ 
ders  with  concave  faces  are  sometimes  used  tc  reduce  friction  (Fig.  3). 
Specimens  for  Torsion  tests  are  described  in  GOST  3565-58.  In  addition 
to  bolts,  rivets,  and  wire,  peg-like  specimens  with  a  diameter  corre 
sponding  tc  that  of  the  working  aperture  of  the  holding  device  and  a 
length  I  ^  3d,  where  d  Is  the  specimen  diameter,  are  subjected  to  Shear 
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tests.  Bending  tests  are  conducted  on  rectangular,  square,  and  round 
specimens.  The  length  of  the  specimen  Is  generally  40-60  mm  greater 
than  the  distance  between  supports,  which  Is  taken  as  10-20h  (where  h 
Is  the  specimen  height  or  diameter,  usually  10-30  mm)  In  order  to  re¬ 
duce  warping  near  the  supports.  Bend -test  specimens  of  cast  Iron  are 
prepared  In  accordance  with  GOST  2053-43*  Warping  tests  of  sheets  are 
conducted  with  rectangular  plate -like  specimens  with  holes  (Pig.  4). 

The  warping  stress  depends  on  the  ratio  e/d  (where  e  Is  the  distance 
from  the  edge  of  the  sheet  to  the  center  of  the  hole  and  d  is  the  dia¬ 
meter  of  the  hole).  The  ratio  e/d  is  customarily  taken  as  1.5  or  2.  The 
warping  stress  is  usually  10-20#  higher  in  a  specimen  with  e/d  =  2  than 
in  cne  with  e/d  =  1,5.  Impact  strength  is  determined  on  Menage  speci¬ 
mens  (GOST  5454-60).  Specimens  of  reduced  cross-section  (5  x  10  mm  or 
5  x  5  mm)  can  be  used  for  comparative  evaluations. 

Notch  sensitivity  is  determined  in  static,  fa¬ 
tigue,  and  dynamic  tests  on  specimens  with  stress  con¬ 
centrators  (notches)  of  various  shapes.  We  can  distin¬ 
guish  external  notches  (annular  fluting,  grooves,  and 
cuts  of  predetermined  shape)  and  internal  notches 
(through  apertures).  The  shape  of  a  notch  is  customar- 
steel).  ily  characterized  by  its  sharpness  (the  ratio  of  its 

radius  of  curvature  at  the  apex  p  to  the  width  or  dia¬ 
meter  of  the  specimen  in  the  notched  area  dn)  and  its  depth  (the  ratio 
2v/d0,  where  v  is  the  depth  of  the  notch  and  dg  is  the  width  or  diame¬ 
ter  of  the  specimen  outside  the  notch).  The  concentration  factor 
(shape  factor)  increases  as  the  notch  becomes  sharper.  At  a  given 
notch  sharpness  increasing  its  depth  by  up  to  50#  causes  a  rise  ir.  the 
concentration  factor;  dreps  as  the  notch  depth  is  further  Increased. 
The  influence  of  a  notch  on  specimen  strength  is  deterrlned  by  its 
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shape  (the  concentration  factor  u^),  its  location 
(internal  or  external),  the  characteristics  of  the 
material  (reserve  plasticity),  and  the  loading  meth¬ 
od,  Thus,  for  example,  an  internal  notch  (hole) 
causes  a  greater  decrease  in  strength  on  extension 
than  an  external  notch;  this  relationship  is  re 
versed  on  bending.  The  notch  sensitivity  of  materi¬ 
als  on  static  loading  is  usually  evaluated  by  test¬ 
ing  round  specimens  10-20  mm  m  diameter  with  and 
without  notches,  employing  a  V-shaped  transverse 
groove  with  an  apical  radius  of  p  •-  0. 1-0.3  mm  and  a  depth  of  25-50% 
at  an  angle  of  45-60°  (Fig.  5  shows  the  form  of  the  most  frequently 
used  "notched"  specimen).  Notch  sensitivity  on  static  bending  is  evalu¬ 
ated  on  rectangular  specimens  (6  x  1C  mm)  with  a  central  groove  2  mm 
deep  and  having  an  apical  radius  of  2  mm  or  on  cylindrical  specimens 
with  a  circular  groove  (Fig.  6),  which  are  most  frequently  used  in 
evaluating  high-strength  steel.  Notched  specimens  for  durability  tests 
are  described  in  GOST  2860-45.  Other  types  of  notched  specimens  can 
also  be  employed.  In  connection  with  the  wide  use  of  sheet  materials 
notch  sensitivity  is  determined  on  flat  specimens  with  holes  or  lateral 
grooves.  Specimens  with  cracks  created  during  preliminary  static  or  vi¬ 
bration  loading  are  quite  common.  Such  cracks  simulate  internal  and 
superficial  defects  and  make  it  possible  to  evaluate  the  sensitivity 
of  high-strength  structural  materials  to  defects  of  the  crack  type  dur¬ 
ing  subsequent  tests. 

Specimens  for  fatigue  testing  are  characterized  by  high  require¬ 
ments  with  respect  to  surface  finish  and  their  size  and  shape  depend 
to  a  considerable  extent  on  the  type  of  test  (type  of  test  machine).  In 
order  to  obtain  durability  characteristics  unaffected  by  surface  condi- 
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specimen  for 
tensile  test. 
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tlon  the  final  operation  in  preparation  of  the  speci¬ 
men  should  be  mechanical  or  electrolytic  polishing. 
Smooth  specimens  with  working  segments  of  two  types 

Fig.  6.  are  used  in  fatigue  tests:  l)  with  a  working  segment 

Notched  spec¬ 
imen  for  bend-  of  constant  cross-section;  2)  with  a  working  segment 

ing  te  st. 

of  varying  cross-section  (see  Fig.  1).  The  principal 
drawback  of  the  first  type  of  specimen  is  the  concentration  of  stresses 
at  the  points  where  the  cylindrical  segment  passes  into  the  fillets, 
which  leads  to  preferential  fracture  near  the  latter,  so  that  the  test 
results  do  not  characterize  the  true  fatigue  resistance  of  the  materi¬ 
al.  Specimens  of  types  which  do  not  have  these  shortcomings  are  now  of¬ 
ten  employed.  However,  from  the  standpoint  of  the  statistical  factor 
(the  occurrence  of  different  types  of  weakening  in  a  given  volume  of 
material)  test  results  for  specimens  of  the  1st  type  that  fracture  in 
the  working  segment  are  more  reliable  than  those  for  radius  specimens, 
which  function  under  maximum  stresses  only  through  one  cross-section 
(that  of  minimum  area).  When  specimens  with  a  working  segment  of  con¬ 
stant  cross-sect xon  are  used  the  fillets  are  polished,  which  gives  them 
a  better  surface  finish  and  thus  increases  the  probability  that  frac¬ 
ture  will  occur  in  the  working  segment.  Some  durability  specimens  are 
standardized  by  GOST  2860-45.  Round  specimens  are  the  most  common  for 
fatigue  testing.  Flat  as  well  as  round  specimens  are  used  for  loading 
by  pure  bending,  bending  in  one  plane,  and  extension-compression.  The 
ultimate  durability  of  cylindrical  specimens  is  higher  than  that  of 
flat  specimens  of  the  same  material.  The  scale  factor  (see  Scale  ef¬ 
fect  )  has  a  strong  influence  on  fatigue  tests;  durability  decreases 
substantially  as  specimen  size  increases,  this  phenomenon  being  partic¬ 
ularly  pronounced  in  the  region  of  relatively  small  diameters  (less 
than  50  mm). 
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Static  durability  is  customarily  tested  on  round  (  ,-10  mm  in  dia¬ 
meter)  and  flat  (with  a  thickness  correspond  ins;  to  that  of  the  sheet  or 
strip)  specimens,  which  generally  have  a  stress  concentrator  in  the 
of  a  circular  groove  for  cylindrical  specimens  or  a  hole  for  flat  spec¬ 
imens;  the  ratio  of  specimen  widtn  to  hole  diameter  is  taken  as  5-6. 

The  surface  of  specimens  of  high-strength  steels  and  alloys  for  static 
durability  tests  is  subject  to  the  same  rigid  requirements  as  that  of 
specimens  for  fatigue  tests. 

References:  Drozdovskiy,  B.A.,  Fridman,  Ya.B. ,  Vliyaniye  treshchln 
na  makhanicheskiye  svoystva  konstruktslonnykh  staley  [Influence  of 
Cracks  on  the  Mechanical  Characteristics  of  structural  oteels],  Moscow, 
i960;  Metally.  Metody  mekhanichesklkh  i  tekhnclogicheskikh  ispytaniy 
[Metals.  Methods  for  Mechanical  and  Technological  Testing],  Moscow, 

1963. 

11.  V.  Kadobnova 
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SPECTRAL  ANALYSIS  -  a  physical  method  for  qualitative  and  quanti¬ 
tative  analysis  of  the  composition  of  substances,  based  on  study  of 
their  spectra.  Optical  spectral  analysis  is  conveniently  distinguished 
by  its  relative  simplicity,  its  rapidity,  the  lack  of  complex  prepara¬ 
tion  of  the  specimen  to  be  analyzed,  and  the  small  amount  of  substance 
(10-30  mg)  needed  for  analysis  for  a  large  number  of  elements.  Bnls- 
sion  spectra  are  produced  by  vaporizing  the  substance  and  exciting  the 
atoms  of  its  elements  by  heating  them  to  1000-10,000°.  The  radiation 
of  the  excited  atoms  and  ions  is  directed  through  an  optical  system 
to  a  spectrograph  (spectrometer),  a  device  used  to  resolve  the  light 
beam  into  individual  monochromatic  beams  and  to  record  the  resultant 
spectral  lines  photographically  or  photoelectrlcally.  Two  types  of  de¬ 
vices,  moderate-dispersion  (ISP-28  and  ISP-51)  and  high-dispersion 
(ISP-51A  and  various  spectrographs  with  diffraction  gratings),  are 
used  for  spectral  analysis.  A  spark  (from  ar>  IG-3  spark  generator)  or 
an  ac  arc  (from  a  DG-2  arc  generator)  is  used  to  excite  the  spectra  in 
analyzing  electrically  conductive  materials,  the  sample  itself  serving 
as  the  electrodes.  Direct-  and  alternating-current  arcs,  pulse  (low- 
voltage  and  high-voltage)  arcs,  and  cathodic-field  discharges  are  most 
frequently  used  in  analyzing  nonconductive  materials.  The  sample  is 
placed  in  a  hollow  in  one  of  the  carbon  electrodes.  Various  gas  flames, 
ac  arcs  with  discharge  tubes,  plasmatron  Jets,  and  high-frequency  spark 
discharges  are  widely  used  for  analyzing  solutions.  Qualitative  and 
semiquant Itative  spectral  analysis  reduces  to  establishing  whether  or 
not  characteristic  lines  are  present  In  the  spectrum  and  evaluating  the 
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content  of  the  elements  sought  from  their  intensity.  This  is  done  with 
the  aid  of  a  measuring  microscope  or  a  spectral  projector,  using  spe¬ 
cial  atlases.  Quantitative  determination  of  the  content  of  an  element 
is  based  on  the  empirical  relationship  (at  low  contents)  between  the 
intensity  of  a  spectral  line  and  the  concentration  of  the  correspond¬ 
ing  element  in  the  sample;  this  relationship  has  the  form  J  =  ac^, 
where  J  is  the  intensity  of  the  spectral  line,  _c  is  the  concentration 
of  the  element,  and  a  and  b  are  coefficients  which  depend  on  the  char¬ 
acteristics  of  the  excitation  source,  those  of  the  line,  the  evapora¬ 
tion  rate,  and  the  diffusion  rate.  The  intensity  of  the  spectral  lines 
is  measured  photoelectrically  or  by  recording  them  on  a  photographic 
plate;  in  the  latter  case  subsequent  photometry  with  a  MF-2  micropho¬ 
tometer  is  necessary,  taking  intc  account  the  characteristic  curve  of 
the  film.  The  Table  shows  the  relative  sensitivity  with  which  various 
elements  can  be  determined  in  a  dc  arc  (in  10”^$). 

The  sensitivity  data  shown  in  the 
Table  are  not  maximal.  Use  of  special 
excitation  sources  or  physical  and 
chemical  enrichment  of  the  sample  per¬ 
mits  a  substantial  increase  in  the  sen¬ 
sitivity  of  spectral  determinations.. 

The  accuracy  of  such  determinations 

depends  to  a  considerable  extent  on 
1)  Element;  2)  sensitivity.  the  content  of  the  element  ln  the  sam_ 

pie  and  generally  varies  from  5$  to 

25#.  Multichannel  spectrometers  or  quantometers  (DFS-10,  ARL)  are  used 
to  reduce  the  time  required  for  analysis  and  to  increase  the  accuracy 
of  the  determination  to  1-2$.  Spectral  analysis  in  the  Infrared  region 
makes  it  possible  to  identify  various  functional  and  structural  groups 
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of  macrorriolecules  both  qualitatively  and  quantitatively,  to  get  an 
idea  of  the  orientation  of  the  links  and  groups  in  polymer  molecule::, 
and  to  evaluate  the  regularity  of  polymer3.  Spectral  analysis  in  the 
ultraviolet  region  can  be  used  to  identify  Individual  groups,  oxida¬ 
tion  and  reaction  products,  etc.  This  type  of  analysis  employed  for 
quantitative  determination  of  the  content  of  low-molelcular  additives 
in  polymers.  In  some  cases,  ultraviolet  analysis  also  makes  it  possi¬ 
ble  to  determine  polymer  structure.  A  special  field  of  spectral  analy¬ 
sis,  magnetic  radiospectroscopy,  involves  analysis  in  the  region  of 
ultra-high-frequency  radiowaves,  centimeter  and  millimeter  waves.  Des¬ 
pite  the  fact  that  this  region  is  a  portion  of  the  same  electromagne¬ 
tic  spectrum,  the  apparatus  used  is  completely  different  from  that  for 
optical  analysis.  Radiospectroscopic  methods,  those  of  nuclear  and 
paramagnetic  resonance,  can  be  employed  to  determine  the  state  of  the 
protons  In  polymers,  the  presence,  character,  and  number  of  free  radi¬ 
cals  In  polymerization  and  oxidation  processes,  etc. 

References:  Mandel'shtam,  S.L. ,  Vvedeniye  v  spektral'nyy  analiz 
[Introduction  to  Spectral  Analysis],  Mo scow-Len ingrad,  1946;  Prokof' 
yev,  V. K.  Fotograf icheskiye  metody  koliohestvennogo  spektral 'nogo  anal- 
iza  metallov  i  splavov  [Photographic  Methods  for  Quantitative  Spectral 
Analysis  of  Metals  and  Alloys],  Vols.  1-2,  Moscow,  1951;  Zaydel',  A.N. 
et  al.,  Emlssionnyy  spektral'nyy  analiz  atomnykh  materialov  [Bnission 
Spectral  Analysis  of  Atomic  Materials],  Leningrad-Moscow,  I960;  Polue- 
ktov,  N.S.,  Metody  analiza  po  fotometrii  plameni  [Methods  of  Flame-Pho¬ 
tometric  Analysis],  Moscow,  1959;  Bellami,  L. ,  Infrakrasnyye  spektry 
slozhnykh  molekul  [Infrared  Spectra  .of  Complex  Molecules],  2nd  Edition, 
Moscow,  1963;  Bilmeyer,  F.U. ,  Vvedeniye  v  khimiyu  i  tekhnologiyu  poli- 
merov  [Introduction  to  the  Chemistry  and  Technology  of  Polymers], 
translated  from  English,  Moscow,  1950;  Keller,  A.,  Sandeman,  J. ,  J. 
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Polymer  Sci. ,  1955,  Vol.  15,  No.  179,  page  149. 

V. V.  Korolev  and  N.N.  Lezhnev 
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SPHALERITE,  ZnS  -  zinc  sulfide  (zinc  blende).  Pe  (up  to  26#),  Mn 
(up  5.8),  and  Cd  (0.8-4#)  may  be  present  as  isomorphous  impurities, 
while  Ga,  Ge,  and  In  may  be  present  in  small  quantities.  The  melano- 
cratic,  iron-rich  (7-10#  PeS)  variety  is  called  marmatite,  while  the 
light-colored  variety  is  called  kleiophane. Sphalerite  crystallizes  in 
cubic  syngony.  It  has  a  specific  gravity  of  3*  9-4.1.  Complete  cleavage 
occurs  along  the  {110}  plane.  Its  average  Mohs  hardness  is  3*5-4.  The 
hardness  of  the  {001}  face  is  117  kg/cm2,  while  that  of  the  fill}  face 
is  212  kg/cm  (by  the  Vickers  method).  It  is  usually  brown  or  black  in 
color,  although  less  frequently  reddish,  ’  yellow,  green,  or  colorless 
Its  luster  is  greasy  or  adamantine.  It  is  optically  isotropic;  n  «= 

=  2.36-2.47  (increasing  with  the  Pe  content). 

The  reflectivity  of  Sphalerite  is  18#  for  red  light  and  18.5#  for 
orange  light.  It  has  piezoelectric,  pyroelectric,  and  weak  photoelec¬ 
tric  properties.  It  exhibits  pulse  conductivity  when  irradiated  with 

a-partlcles.  Its  dielectric  constant  is  7.9  and  its  specific  resistance 
8 

10  ohm* cm.  Natural  sphalerite,  especially  the  cadmium-containing  var- 
irties, luminesces  blue,  yellow,  orange,  and  red  in  cathode  rays.  This 
mineral  exhibits  diamagnetic  characteristics  at  a  content  of  no  more 
than  0.4#.  The  varieties  containing  larger  amounts  of  iron  are  paramag¬ 
netic,  raising  the  Pe  content  from  0.28  to  lp.$8#  causes  the  magnetic 
susceptibility  to  vary  from  0.68*10“  to  18.9*10,  SGSM.  Sphalerite 
dissolves  in  concentrated  HNO^  to  liberate  S  and  in  HC1  to  liberate 
HgS;  it  can  be  dissolved  with  difficulty  in  acetic  acid.  It  forms  solid 
solutions  with  CdS. 
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The  thermal  conductivity  of  sphalerite  at  0°  is  0.266  watts ‘crn-1 . 
•degrees-1;  at  880-102 0°  it  is  converted  to  wurtzite  (a-ZnO).  It  passes 
into  a  trigonal  modification  (7-ZnS)  over  the  temperature  range  600- 
1200°  and  sublimates  at  1000°.  The  heat  capacity  of  this  mineral  is 
0.23  at  -200°,  0.45  at  0°,  0.53  at  2006,  0.56  at  400°,  and  0.58/  at 
800°.  Its  melting  point  under  a  pressure  of  150  atm  is  1800-1900°.  Its 
thermal  expansion  is  0.06  as  the  temperature  is  varied  from  20  to  100° 
and  6  as  it  is  varied  from  20  to  1000°. 

Metallic  Zn  is  smelted  from  natural  sphalerite.  Cd,  In,  and  Ga 
are  extracted  as  byproducts.  A  considerable  amount  of  sphalerite  is 
used  in  the  paint  industry,  for  the  manufacture  of  zinc  white.  Finely 
ground  sphalerite  (with  a  particle  size  of  <2  p)  1  also  employed  as  a 
pigment  in  paint  manufacture.  The  production  of  chemically  pure  ZhS, 
which  is  used  as  a  lumlnophore,  from  natural  sphalerite  is  of  ever  in¬ 
creasing  Importance.  Lumlnophore  sphalerite  activated  by  Ag  or  Cu  Is 
employed  In  the  manufacture  of  television  kinescopes  and  screens  for 
radio-locating  equipment  and  oscillographs.  Chemicallv  pure  sphalerite 
Is  used  in  the  production  of  various  fluorescent  compounds  and  paints 
for  Instrument  building,  fcr  masking,  in  all  types  of  signaling  eq;i;- 
ment,  etc. 


References :  Mineraly  [Minerals],  Handbook,  Vol.  1,  Moscow,  i960; 
Pshibram,  K. ,  Okraska  i  lyur.lnestsentslya  mineralov  [Coloration  and 
Luminescence  of  Minerals],  translated  from  English,  Moscow,  1959; 
Lyuminofory  [Luminophcres ] ,  (compiled  by  L. Ya.  Karkovskiy  and  G.X. 
Eliashberg),  Leningrad,  1958. 

V.V.  Nasedkir. 
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SPODUMENE,  LiAl  [SigOg]  -  a  mineral  belonging  to  the  monoclinic 
pyroxenes;  it  forms  a~  and  3-modifications.  The  natural  mineral  is  the 
cr-modlflcation;  a-spodumene  is  encountered  both  in  large  prismatic  crys¬ 
tals  and  lamellar-columnar  aggregates  and  in  compact  cryptccrystalline 
masses.  It  is  grayish-white  or  greenish  in  color;  the  reddish  and  red- 
dish-violet  varieties  are  called  kunzite.  a-spodumene  with  an  emerald 
green  hue  is  called  hiddenite.  Colorless  and  blue  varieties  are  rarely 
encountered.  This  mineral  has  a  vitreous  luster.  X-irradiatlon  causes 
it  to  change  color.  Distinct  cleavage  occurs  along  the  110  plane  (at  an 
angle  of  87°);  parting  occurs  along  the  010  plane  and  less  frequently 
along  the  100  plane.  Spodumene  has  a  Mohs  hardness  of  6-7  and  a  speci¬ 
fic  gravity  of  3- 0-3. 2.  It  is  optically  positive  and  biaxial.  Its  in¬ 
dices  of  refraction  are  Ng  =  1.67 6-1. 681,  Nm  =  1.660-1. 671,  Np  -  1.651- 

1.668,  and  N_  -  N  »  0.025-0. 013.  In  cathode  rays  a~spodum>ne  lumln- 
b  P 

esces  a  bright  red;  its  luminescence  is  markedly  weaker  in  ultraviolet 
light.  This  mineral  has  a  specific  heat  capacity  (cp)  of  0.90  Joules/ 

/g  at  60°.  It  has  a  negative  theroal  expansion  over  the  temperature 
range  950-1400°. 

Spodumene  is  used  as  a  lumlncphore  in  its  native  state.  The  ma¬ 
jority  of  this  mineral  is  used  in  the  production  of  metallic  Di.  It  is 
also  employed  in  the  manufacture  of  opal,  white,  low-melting,  heat- 
resistant,  borosllicate,  and  flint  glass,  glass  or  cathode-ray  and 
kinescope  tubes,  and  photosensitive  glass. 

Addition  of  spodumene  to  a  glass  charge  reduces  its  coefficient  of 
expansion  and  its  tendency  toward  devitrification  and  rapid  changes  in 

c 
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temperature.  The  surface  of  tte  glass  is  hardened  ana  its  brittleness  is 
reduced.  This  mineral  is  used  in  the  manufacture  of  various  types  of 
ceramics:  high-voltage  porcelain  (which  is  heat-resistant  to  550-800° 
and  has  a  coefficient  of  thermal  expansion  of  1.7*10  ^),  dish  ceramic, 
(which  have  an  annealing  temperature  of  1250-1280°),  and  acid-resistant 
ceramics  (mixtures  of  spodumene,  alkaline  amphibole,  and  clay).  Spodu- 
mene  ceramic  products  have  a  low  (near-zero)  coefficient  of  expansion. 
This  mineral  is  used  in  the  manufacture  of  glazes  and  enamels.  Kunzite 
and  hiddenite  belong  to  the  gem-stone  group.  Since  the  ore  is  easily 
concentrated,  it  Is  primarily  monomineral  spodumene  that  is  ",'ed.  na¬ 
tural  ceramic  mixtures  consisting  of  spodumene  and  pegmatite  are  also 
employed. 

References:  Ginzburg,  A.N.,  Tr.  Mineralog.  muzeya  AN  SSSR  [Trans¬ 
actions  of  the  Mlneralogical  Museum,  of  the  Academy  of  Sciences  USSR}, 
1959,  No.  9;  Tumanov,  S.G. ,  Maslennikova,  G.N.,  Tr.  Gos.  issled.  elek- 
trokeram.  in-la  [Transactions  of  the  State  Electroceramic  Research  In¬ 
stitute],  1957,  No.  2;  Plyushchev,  V.Ye.  ,  Sirr.anov,  Yu.  P.  ,  and  Shakhnc, 
I.V.  ,  DAN  SSSR  [Pi’oceedingsof  the  Academy  of  Sciences  USSR],  1959,  Vel. 
125,  No.  2;  Winchell,  A.N.,  Wincnell,  G. ,  Opticheskaya  nineruloglya 
[Optical  Mineralogy],  translated  from  English,  2no  Edition,  Moscow, 

1953. 
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SPONGE  RUBBER  -  a  porous  material  with  shock-absorptive,  heat- 
and  sound-insulating,  and  hermetic  properties.  We  can  distinguish 
sponge  rubbers  with  open  communicating  pores,  with  closed  cells,  and 
with  a  composite  structure.  Rubber  of  the  first  type  is  manufactured 
from  latex  or  solid  caoutchouc,  while  that  of  the  second  type  is  pro¬ 
duced  only  from  solid  caoutchouc.  Sponge  rubber  manufactured  from  la¬ 
tex  (latex  sponge,  foam  rubber)  is  gas-  and  water-permeable  as  a  re¬ 
sult  of  its  communicating  pores  and  is  characterized  by  the  following 
properties:  bulk  weight  -  0.08-0.25  kg/cm^,  hardness  (the  force  re¬ 
quired  to  compress  a  sample  to  60$  of  its  initial  height)  -  0.06-0.5 
kg/ cm,  residual  deformation  after  250,000  compression  cycles  —  less 

p 

than  7 *  5$,  ultimate  tensile  strength  —  0.  2-1.0  kg/cm~,  relative  elonga¬ 
tion  —  100-300$,  and  pore  size  —  0.05-2  mm.  At  an  average  poor  diame¬ 
ter  of  C.2-0.4  mm  the  heat  capacity  nr  sponge  rubber  is  160  kcal/irr •  *C), 
while  its  the’-mal  conductivity  is  C.C8  kcai/m- hr- *C. 

The  coefficient  of  frost  resistance  of  natural-latex  sponge  rub¬ 
ber  is  O.95-I.O  at  -t0#;  the  distention  of  dlvlnylnltrile-latex  sponge 
rubber  is  7$  in  gasoline  and  ‘'0$  in  benzene.  Chloropre.ne- latex  sponge 
rubber  is  incombustible- 

Latex  sponge  rubbers  are  produced  in  the  USSR  and  abroad  in  the 
form  of  molded  articles  or  sheets  3-fC  mm  thick.  They  are  used  princi¬ 
pally  as  shock-absorbing  cushions  for  the  seats  of  aircraft,  automo¬ 
biles,  and  trains  and  in  the  manufacture  of  various  shock  absorbers, 
padding,  sc ft  furniture,  mattresses,  heat-  and  sound-insulating  mater¬ 
ials,  inner  soles  for  sheer,  pros  theses,  etc. 
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Cellular  and  porous  sponge  rubbers  of  solid  caoutchouc  arc  charac¬ 
terized  by  the  following  properties:  bulk  weight  —  0.15-0. 50  g/cmJ, 
ultimate  tensile  strength  —  0. 1-50  kg/  cm^,  relative  elongation  -  20- 
300$,  hardness  —  0.5-12  kg/cm  ,  and  heat  capacity  —  O kcal/kg- °C. 
The  frost  resistance  of  cellular  and  porous  natural  sponge  rubbers  is 
— 40®.  Sponge  rubbers  of  nairit  are  fireproof,  those  of  divinylnitrile 
caoutchouc  are  oil-  and  gasoline-resistant,  and  those  of  butyl  rubber 
are  acid-  and  alkali-resistant.  Siloxane  sponge  rubber  is  inert  in  all 
chemical  media.  Sponge  rubbers  manufactured  from  solid  caoutchouc  may 
have  dielectric  or  conductive  characteristics.  The  electrical  resist¬ 
ance  of  a  sponge  rubber  depends  on  its  composition;  moreover,  it  may 

17 

vary  from  10  to  10  ohm* cm  in  the  same  sample,  depending  on  the  ex¬ 

tent  to  which  it  is  compressed.  Solid-caoutchouc  sponge  rubbers  are 
produced  in  sheets  and  molded  and  unmolded  packings.  The  latter  can  be 
obtained  in  any  length  and  in  widths  of  from  .1  to  50  mm. 

References : 
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SPONGOLITE  -  a  rock  consisting  principally  (more  than  50#)  of  thin 
elongated  particles  of  hydrated  silica  (an  opaline  substance);  it  is  a 
constituent  of  the  skeleton  (spicule)  of  sponges  and  generally  contains 
some  impurities  of  argillaceous  material.  Spongolite  is  greenish  or 
light  gray  in  color.  It  is  similar  in  chemical  composition,  character¬ 
istics,  and  application  to  Tripoli  and  Fine  kaolin. 

P.  P.  Smolin 
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SPRING  SHAPING  BRONZE  —  bronze  intended  for  the  manufacture  of 
various  types  of  springs.  Helical  and  flat  springs,  elastic  elements 
(membranes  and  silfons)  for  precision  instruments,  and  all  types  of 
spring  components  are  fabricated  primarily  from  BrOF6. 5-0. 15,  BrOF4- 


Fig.  1.  Mechanical  properties  of  BrKMts3-l  bronze  as  a  function  of  de¬ 
gree  of  deformation  (bands  1  mm  thick).  1)  kg/mm2;  2)  degree  of  deform¬ 
ation. 


0  >00  300  500  700 

2  Temnepamypo  c/rmuca.  °C 


Fig.  2.  Influence  of  annealing  temperature  on  the  mechanical  properties 
of  BrKMts3-l  bronze  (bands  1  mm  thick  deformed  by  %'%) .  l)  kg/mr:i2;  2) 
annealing  temperature,  °C. 

0.25,  add  £rCTs4-3  tin  bronzes,  BrA7  Aluminum  bronze,  BrKMts3-l  sili¬ 
con-manganese  bronze,  and  BrB2,  BrBNT1.9,  and  BiBNTl.7  Beryllium  bron¬ 
zes.  Springs  and  other  electronic  components  are  also  faoricated  from 
the  nickel-aluminum  alloy  MNA6-1.5  (see  Kudlal ) .  Spring  shaping  bronzes 
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Pig.  3.  Mechani¬ 
cal  properties  of 
MNA6-1-1.5  alloy 
at  elevated  tem¬ 
peratures.  1)  kg/ 
/mm2. 


ness  increases  from 


are  produced  in  strips  and  bands  0. 15  mm  thick 
and  in  wire  0.1-12  mm  in  diameter.  Thin-walled 
tubes  of  various  sizes  are  produced  for  the  man¬ 
ufacture  of  Burden  manometer  springs.  Witn  the 
exception  of  beryllium  bronzes  and  kunlal,  the 
aforementioned  alloys  are  solid  solutions  and 
have  a  homogeneous  structure.  They  have  high 
elasticity  and  strength  when  cold-worked.  Thus, 
the  strength  of  strips  of  Br0F6. 5-0. 15  bronze  is 
doubled  by  cold-working  to  80#,  while  their  hard- 

p 

90  to  200  kg/mm  (Tables  1  and  2).  The  aluminum 


2  ? 

bronze  BrA7  has  a  strength  of  90  kg/fom  and  a  hardness  of  200  kg/mm 
after  70#  deformation,  which  reduces  its  elongation  to  2-3#.  Figure  1 
shows  the  change  in  the  mechanical  properties  of  BrKMts3-l  bronze  as  a 
function  of  degiee  of  deformation. 


1  «#•//•»* 


Fig.  4.  Loss  of  hardness  in  various  bronzes  at  elevated  temperatures 
(holding  time  -  1  hr).  1)  kg/mm2;  2)  beryllium  bronze  containing  2.1# 
Be;  3)  phosphorus  bronze;  4)  spring  brass. 


Heating  (annealing)  of  these  alloys  causes  them  to  lose  the  high 
elasticity,  strength,  and  hardness  which  they  acquire  during  cold  work¬ 
ing.  In  tin  and  aluminum  bronzes  this  decrease  begins  after  annealing 
at  270-300°  and  becomes  sharp  at  350°.  The  characteristics  of  BrKMts3-l 
bronze  are  less  severely  affected  (Fig.  2),  but  a  noticeable  drop  is 
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observed  at  annealing  temperatures  above  250°.  In  MNA6-I.5  alloy,  which 
contains  6#  hi  and  1.5#  Al,  a  decrease  in  characteristics  occurs  only 
at  annealing  temperatures  above  500°,  this  resulting  both  from  the  con¬ 
siderable  nickel  content  and  the  ability  of  the  alloy  to  undergo  dis¬ 
persion  hardening  (at  an  annealing  temperature  of  500°).  It  also  re¬ 
tains  a  certain  strength  at  elevated  temperatures  (Fig.  3).  Beryllium 

bronzes  are  among  the  dispersion-hardening  alloys  which  are  soft  and 

plastic  when  quenched  and  hard  and  highly  elastic  when  annealed.  These 

alloys  are  worked  Jn  the  quenched  state,  up  to  the  final  fabrication  of 
the  finished  product.  The  finished  component  acquires  high  elasticity 
and  strength  during  annealing,  as  a  result  of  decomposition  of  the  sol¬ 
id  solution.  Springs  of  beryllium  bronze  have  substantially  higher 
characteristics  at  normal  and  elevated  temperatures  than  other  types  of 
springs  (Figs.  4  and  5). 


Fig.  5*  Loss  of  hardness  in  various  bronzes  at  elevated  temperatures 
(holding  time  -  15  hr),  l)  kg/mm*-;  2)  beryllium  bronze  containing  2.1# 
Be;  3)  aluminum  bronze;  4)  manganese  bronze. 


Fig,  6.  Long-term  strength  curves  for  beryllium  and  tin  bronzes,  l)  kg/ 
/mm^;  2)  time,  hr;  3)  beryllium  bronze  at  200°;  4)  phosphorus  bronze  at 
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200° ;  5)  beryllium  bronze  at  350°. 


— 
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J  *****  X 

Pig.  7.  Loss  of  tension  in  certain  spring  bronzes  at  elevated  tempera¬ 
tures.  1)  Loss  of  tension,  2)  beryllium  bronze  containing  2.14)6  Be; 
3)  phosphorus  bronze;  4)  spring  brass. 

TABLE  1 

Mechanical  Properties  of  Spring  Shaping  Bronzes 


CnjiaB 
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^  npn 

100  MJ1H. 
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*  EpO<D8,4-0.|4  . 

Tie  pane  11 

1 1  20u 
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65 

84 

1 

180—200 

6  BpO«D4-0,25  .  .  . 

To  we 

10  500 

40 

44 

64 

2 

_ 

1 60 — 1  70 

7  BpOH*-3  .  .  .  . 

»  ip  . 

10  000 

— 

50 

60 

2 

18 

160 

»EpA7  . 

»  ***^ 

1  2  000 

44 

60 

to 

3 

19 

180—220 

9  EpKMuS-t  .  .  .  . 

» 

12  000 

44 

to 

1 

21 

200 

10  MHA6-1.4  .  .  .  . 

Tnepaoe 

84-75 

3 

210 

1)  Alloy;  2)  condition  of  alloy;  3)  kg/mm2;  4) 
a_1  at  100  million  cycles;  5)  BrOF6. 5-0. 15;  6) 

Br0F4-0. 25;  7)  BrOTs4-3;  8)  BrA7;  9)  BrKMts3-l; 
10)  MNA6-1.5;  11)  hard;  12)  the  same. 

TABLE  2 

Physical  and  Technological  Properties  of  Spring 
Shaping  Bronze3 


l)  Alloy;  2)  g/cm  :  3)a*10  (l/°C)  at  temperature  of  (°C);  4)  ca?./cm. 

•sec.°C;  5)  ohm.mmVm:  6)  temperature  (°c);  7)  hot  working;  Q)  anneal¬ 
ing;  9)  quenching:  10)  tempering;  11)  recrystallization  Initiation  tem¬ 
perature  { 0 C ) ;  12)  Br0F6.5-0.15j  13)  Br0F4-0.25;  14)  BrOTs4-3;  15)  BrA7; 
16)  BrKMts3-l;  17)  MNA6-I.5. 
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TABLE  3 

Applications  of  Spring  Shaping 
Bronzes 


ClIJIMN 
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1)  Alloy;  2)  application;  3)  BrOP6.5-0.15  tin-phosphorus  bronze;  4) 
Br0P4-0.25  tin-phosphorus  bronze;  5)  BrOTs4-3  tin-zinc  bronze;  6)  BrA7 
aluminum  bronze;  7)  BrKMts3-l  silicon-manganese  bronze;  8)  BrB2  beryl¬ 
lium  bronze;  9)  BrBNT1.9  beryllium  bronze;  10)  MNA6-1.5  kunial;  11) 
flat  springs,  membranes,  and  silfons  for  instruments  and  apparatus 
which  must  function  at  temperatures  of  up  to  80°;  12)  Burden-tube  mano¬ 
meter  springs;  13)  flat  and  helical  springs,  spring  components,  and 
silfons;  14;  flat  springs  and  spring  components;  15)  flat  and  helical 
springs  in  chemical  and  general  machine  building  and  ship  building;  16) 
flat  and  helical  springs,  membranes,  and  silfons  for  precision  instru¬ 
ments  which  must  operate  at  temperatures  of  up  to  150-200°;  17)  special- 
purpose  springs  with  high  corrosion  resistance. 


The  short-tem  tensile  strength  and  relative  elongation  of  strips 
and  bands  0.25  mm  thick  have  not  been  established,  but  their  hai\  less 
has  been  determined  on  a  PMT-3  apparatus  under  a  load  of  0.2  kg.  In  de¬ 
termining  Vickers  hardness  thick  strips  and  bands  can  withstand  the 
following  maximum  loads: 


T-’VMtM*  nn/inr  * 

1  ||tI|.,1Kl 

•Mil  ,1'Wt  (*j»>  i* 

■ 

H  ?S- ■  AS 

s 

>•  4 . • 

!  “ 

Ji 

1)  Thickness  of 
strir  or  band  (hot); 

2)  load  (kg);  3)  or 
more. 
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The  tensile  strength  of  BrB2  bronze  wire  is  very  little  affected 
by  testing  at  200°  for  100  hr  (Fig.  6);  BrB2  has  a  substantially  higher 
long-term  strength  than  tin-phosphorus  bronze.  Figure  7  shows  the  re¬ 
laxation  of  spring  bronzes  under  thermal  stress.  Beryllium-bronze 
springs  can  function  for  extended  periods  at  elevated  temperatures  (up 
to  150-200°).  The  applications  of  spring  shaping  bronzes  are  shown  in 
Table  3.  Semifinished  products  of  spring  shaping  bronzes  are  produced 
in  accordance  with  GOST  1761-50,  1048-49,  4748-49,  1789-60,  5222-50, 
5221-50,  2622-44  and  TsMTU  302-41,  315-41,  325-41,  3326-53,  and  MPTU 
4146-53- 

O.Ye.  Kestner 
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STABILITY  TEST  -  is  a  test  to  evaluate  the  carrying  capacity  of  an 
element  compressed  by  a  longitudinal  force.  The  relative  evaluation  of 
materials  destined  for  structural  parts  which  must  be  stable  is  mostly 
carried  out  by  testing  thin-walled  rods  with  diverse  shapes  of  the 
cross  section  (pipes,  profile  iron,  pillars).  The  tests  are  carried  out 
by  a  single  increasing  load  in  presses  and  universal  machines  or  by  the 
long-time  action  of  a  constant  load  on  machines  of  the  lever  type. 

Several  types  of  the  loss  of  stability:  bending,  torsion,  torsion¬ 
al  bending,  are  observable  in  the  stability  test  as  well  as  in  service. 
Total  and  local  loss  of  stability  are  discernible.  The  total  loss  of 
stability  is  frequently  accompanied  by  a  local  loss  of  stability. 

The  rod  in  the  stability  test  is  compressed  between  the  cross 
beams  of  the  machine.  In  the  moment  of  bulging,  when  the  sagging  in¬ 
creases  without  a  noticeable  increase  in  load,  the  critical  force  P, 

Kr 

is  recorded  and  the  critical  stress  <’«„  ~p  Is  determined,  where  F  is 
the  area  of  the  cross  section.  Deformation  (buckling  or  sagging)  may  be 
measured  during  the  test  by  means  of  strain-gauges.  Wire  strain-gauges 


are  convenient  for  the  measurement  of  buckling.  A  series  of  rods  with 
the  same  cross  section  but  with  different  length  is,  as  a  rule,  tested 
in  order  to  obtain  the  curve  of  the  longitudinal  stability  in  the  coor¬ 
dinates  P^r  =  f(l)  or  o.p- j  ,  where  1.  is  the  length  of  the  red,  i 
is  the  smallest  radius  of  the  inertia  of  the  cross  section;  the  value 
of  o^r  depends  on  the  material  properties  and  on  the  geometrical  condi¬ 
tions  (the  shape  of  the  cross  section  and  the  length)  of  the  rod,  the 
method  of  fixing  the  butts,  and  the  quality  of  the  preparation  of  the 
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rod  (perpendicularity  of  the  end  faces  to  the  longitudinal  axis,  initial 
bjckling).  The  butts  of  the  rod  are  fixed  for  the  test  in  ball  or  cylin¬ 
drical  supports,  but  more  frequently  and  simply  the  rod  is  resting  with 
the  end  faces  on  the  plates  of  the  machine. 

In  the  range  <  °ptSi  where  cpts  is  the  proportional  limit  for 
stretching  or  compression,  ihe  experimental  stability  curves  are  near 
to  that  calculated  by  Euler's  fo**mula 


where  E  is  the  modulus  of  elasticity  of  the  rod  material;  C  is  the  fix¬ 
ing  factor  (which  may  change  bev'een  0.25  and  4).  An  experimental  de¬ 
termination  of  okr  is  especially  necessary  for  "short"  rods  (with  1/i  < 
<  10)  because  a  reliable  calculation  formula  does  not  exist.  Stability 
tests  at  high  temperatures  are  carried  out  in  multisection  furnaces  in¬ 
stalled  on  the  test  machine  (owing  to  a  possible  temperature  drop 
caused  by  the  considerable  lengtn  of  the  specimens).  In  addition  to 
short  time  test,  stability  tests  et  high  temperatures  are  also  carried 
out  with  a  continuously  acting  compressing  load.  Machines  with  reserv¬ 
ing  gears  may  be  used  in  this  case  for  the  long-life  stability  test. 
Curves  in  the  "critical  stress  v.  s.  time,"  coordinates,  similar  to  the 
curves  of  long-life  strength,  or  curves  in  "deformation  v.  s.  time"  co¬ 
ordinates  similar  to  the  creep  curves  in  the  tensile  test  are  drawn  on 
the  basis  of  the  results. 

The  conception  of  the  critical  time  t.  the  time  in  which  the 

Kri 

rod  maintains  the  carrying  capacity  under  the  action  of  a  certain  con¬ 
stant  stress,  is  introduced  to  ew>iuate  the  stability  of  a  rod  working 
for  a  long  time  at  high  temperatures.  Depending  on  the  given  conditions, 
Tkr  raay  be  determined  by  the  time  in  which  the  deformation  reaches  a 
certain  fixed  value  or  accelerated  elongation  begins  (Tjtr2)»  or 
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unlimited  elongation  occurs  (t^^)  (Fig.), 
critical  time  is  used. 


In  most  of  the  cases,  the 


Fig*  1.  Deforma¬ 
tion;  2)  test 
time;  3)  critical. 

References:  Vlasov  V.  Z. .  TonUostennyye  upruglye  sterthnl  tThln. 

walled  Elastic  Hods),  2nd  edition,  Moscow,  1959;  Hoff  N. ,  Prodol’nyy  1. 

gib  1  ustoyehlvost'  [Longitudinal  Bending  and  Stability),  translation 
from  English,  Moscow,  1955. 


N.  V.  Kadobnova 


II-38n 


STAINLESS  BEARING  STEEL  is  stainless  steel  used  to  fabricate  the 
races  and  rolling  bodies  for  bearings.  The  9Khl8  high-c  rbon,  high- 
chrome  stecj.  has  found  widest  application.  The  chemical  composition  of 
the  9Khl8  stael  and  some  of  its  ir.fifi  cations  is  shown  in  Table  1. 


TABLE  1 

Chemical  Composition  of  Stainless  Bearing  St  d 
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•high-quality,  produced  by  the  arc  electrcslag  re- 
smeltlng  method. 

l)  Steel;  2)  element  content  00;  i)  country;  4)  9Khl8,  9Khl8Sh*;  5)  U 
SSR;  6)  PKhl8Sh#;  7)  USA;  8)  FRG. 


A  steel  differing  from  the  9Khl8  steel  by  the  addition  of  cobalt 

and  molybdenum  with  4£  molybdenum  an  place  of  tht.  chrom*-*  is  also  used. 

The  physical  properties  of  the  >nhl8  steel  are:  >  *  7-65-7.7;  E  * 

-  20, tOO -2 1,500  kg/mm2;  a- 10C;  10.2  (20-100°),  10.7  (20-200°),  11  (20- 

300°),  11.6  (20-400°),  12  (20-50C ° )  l/°C.  The  critical  points  for  heat 

ing  and  cooling  with  a  rat-1  of  5*  per  minute  are  A  815-866° ,  A  ,  765 

cl  '  g. 

665°. 


Processing  properties  of  9KL18  steel.  The  temperature  range  for 


forcing  and  stamping  is:  begin  at  ICSC-IOBC", 
regime  for  fcrglng  is:  slow  heating  to  80C-860 
then  fast  heating  tc  1050-1080°.  Slew  coding 
es,  dmac- ,  thermostat ).  The  variation  of  the 


end  at  900°. 
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of  the  forgi 
mechani :a ‘ 


The  heating 
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r»gs  (ir.  ash- 
properties  0 
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the  9Khl8  steel  as  a  function  of  the  forging  temperature  is  shown  in 

Pig.  1. 


Pig.  1.  Mechanical  PropertieSpOf  the  9Khl8  steel  as  a  function  of  forg¬ 
ing  temperature,  l)  c^,  kg/mnT;  2)  temperature,  °C. 


Pig.  2.  Effect  of  quench  temperature  and  degree  of  supercooling  during 
quench  on  amount  of  martensite  in  9Km8  steel,  l)  Martensite  content, 
2)  supercooling  temperature,  °C. 


Pig.  3.  Effect  of  quench  temperature  and  cold  treatment  on  hardness  of 
the  9Khl8  steel:  l)  without  cold  treatment;  2)  with  cold  treatment,  a) 
Temperature,  °C. 
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Pig.  4.  Hot  hardness  of  tempered  type  9Khl8  steel  after  cold  treatment 
and  tempering  at  400°.  a)  Test  temperature,  °C. 
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The  annealing  regime  is:  slew  neating  to  850-870°,  after  soak, 
cooling  at  a  rate  of  from  25  to  300°  per  hour.  The  mechanical  proper- 

r\ 

ties  of  the  annealed  9Khl8  steel  are:  HB  «  232-241  kg/mm  ;  =  76  kg/ 

p 

/mm  ;  «'  n.4%, The  basic  heat  treatment  regime  is:  preliminary 
heating  to  850°,  final  heating  to  1060°,  cooling  in  oil,  temper  at  150- 
160°,  microstructure  after  quench  from  1000-1100°  is  cryptocrystalline 
(martensite  and  carbides). 

Conversion  of  the  residual  austenite  into  martensite  during  long¬ 
term  storage  and  particularly  during  operation  of  the  bearing  at  nega¬ 
tive  temperatures  is  accompanied  by  a  considerable  increase  of  its  lin¬ 
ear  dimensions.  This  takes  place  in  the  case  when  the  actual  quenching 
temperature  is  above  1070°.  Additional  cold  working  of  the  steel  is 
used  to  stabilize  the  dimensions  and  to  increase  the  contact  fatigue 
strength.  The  martensitic  conversion  during  quench  in  the  quenching 
temperature  range  used  in  practice  terminates  at  -70°  (Pig.  2).  The  op¬ 
timal  heat  treatment  regime  for  the  9Khl8  steel,  which  makes  it  possi¬ 
ble  to  obtain  a  high  degree  of  stability  of  the  geometrical  dimensions 
of  the  bearing  parts  in  the  range  of  operating  temperatures  from  -200° 
to  +150°  and  which  provides  for  the  optimal  complex  of  mechanical  prop¬ 
erties,  consists  ui  preliminary  heating  to  850°,  final  heating  to  1050- 
1070°,  cooling  in  oil,  and  then  slow  cooling  to  -70°  and  tempering  at 
150-180°. 

The  following  heat  treatment  regime  is  used  for  parts  of  stainless 
heat-resistant  bearings  operating  in  the  temperature  range  up  tc  350- 
400°,  to  provide  the  required  dimensional  stability,  optimal  mechanical 
properties  and  satisfactory  corrosion  resistance:  preliminary  heating 
to  850°,  final  heating  to  1070-1090%  cooling  in  oil,  and  then  slow 
cooling  to  -70°,  -80*  and  double  tempering  at  400°  (3  hours  +  2  hours). 

M-charlcal  properties  of  tempered  ?Kh-fc  utael.  The  effect  of 
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quenching  temperature  and  cold  treatment  cri  thi-  hardness  of  the  steel 
is  shown  in  Pig.  3.  Hot  hardness  of  the  steel  treated  in  accordance 
with  the  regime  for  heat-resistant  stainless  bearings  is  shown  in  Pig. 

4. 

TABLE  2 

Impact  Strength  of  9Khl8 
Steel  as  a  Function  of 
Heat  Treatment  Regimes* 
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•Tempering  temperature  after  quenching  is  150°. 

p 

l)  Quenching  temperature  (°C);  2)  (kgm/cm  );  3)  on  square  specimens 

with  notch;  4)  on  unnotched  cylindrical  specimens;  5)  without  cold 
treatment;  6)  with  cold  treatment. 

The  effect  of  heat  treatment  regime  on  the  impact  strength  of  9Kh- 
18  steel  is  shown  in  Table  2. 

The  wear  resistance  of  the  9Khl8  steel  in  rolling  friction  with 
slip  (10$)  as  a  function  of  tempering  temperature  is  shown  in  Fig.  5* 
The  endurance  of  tempered  9Xhl8  steel  in  fatigue  testing  (alternating 

p 

bending,  stress  98  kg/mm  )  is  characterized  by  the  following  number  of 
cycles  to  failure: 

6.8*10^  with  tempering  temperature  100° 

6.9*10^  with  tempering  temperature  1500 
6.7*10^  with  tempering  temperature  200° 

The  contact  endurance  of  the  9Khl8  steel  after  quenching  and  tem¬ 
pering  with  intermediate  cold  treatment  is  considerably  higher  than  af- 
t»r  heat-  treatment  without  the  use  of  the  cold  treatment  (Fig.  6), 
which  is  explained  by  the  considerable  difference  of  the  residual  aus- 
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Corrosion  resistance  of  9Khl8  3teel.  The  corrosion  resistance  of 


9Khl8  steel  In  sea  water  as  a  function  of  the  tempering  temperature  and 


Pig.  5.  Weight  loss  of  9Khl8  steel  In  rolling  friction  ‘.ests  as  a  func¬ 
tion  of  tempering  temperature  (basic  heat  treatment  regime),  l)  Weight 

p 

loss,  mg/cm  ;  2)  tempering  temperature,  °C. 


Fig.  6.  Contact  endurance  of  9Khl8  steel  in  testing  long-term  rolling 
of  spherical  specimens  between  cylindrical  races  under  load.  Number  of 

cycles  N  =  10  along  ordinate  axis,  l)  Quench  from  10/0°,  temper  at 
150°;  2)  quench  from  3)  cold  treatment,  temper  at  150  . 
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Fig.  7*  Corrosion  resistance  of  tempered  9KhlS  steel  in  sea  water  as  a 
function  of  tempering  temperature  and  immersion  condition:  l)  specimens 
half -immersed;  2)  specimens  fully  immersed.  A)  Weight  loss,  mg/cm^;  B) 
tempering  temperature,  °C. 


the  loading  conditions  is  shown  in  Fig.  7,  the  nature  of  the  corrosion 
resistance  in  various  aggressive  media  is  shown  in  Table  3. 

Cold  treatment  at  -70°  and  tempering  at  150°-400°  have  no  essen¬ 
tial  effect  on  the  corrosion  resistance  of  the  9Khl8  steel.  The  resis¬ 
tance  of  the  steel  produced  in  a  vacuum  arc  furnace  is  considerably 
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TABLE  3 

Resistance  of  9Khl8  SteeJ 
and  Certain  Acid-Resistant 
Steels  in  Aggressive 
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*0)  Excellent  resistance,  X)  c  jd,  Y)  satisfactory, 

IT;  poor. 

l)  Aggressive  medium:  2)  steel;  3)  9Khl8;  4)  Khl7;  5)  Kh.l8N9;  6)  sea 
air;  7)  sea  water;  8)  wet  steam;  9)  acid  solutions  (at  room  tempera¬ 
ture,  concentration  5-15$) ;  10 )  hydrochloric;  11)  sulfuric;  12)  nitric; 
13)  acetic;  14)  phosphoric;  15)  alkaline  solutions  (concentration  1- 
20jt);  16)  oi’ganic  substances  (raw  petroleum  at  20-200°). 


TABLE  4 

Chemical  Composition  of  Stainless  Steels  Used  to  Fab¬ 
ricate  Parts  for  Special  Anti -Friction  Bearings 
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l)  Steel;  2)  element  content  ($6);  3)  Khl8N9;  4)  up  to;  5)  9Khl3N6LK4. 


greater  than  that  of  the  steel  melted  by  the  usual  method. 

Other  stainless  steels  which  belong  to  the  group  which  are 
strengthened  with  the  aid  of  cold  plastic  deformation  and  dispersion 
hardening  sire  used  to  fabricate  races  and  rolling  bodies  for  ball  and 
roller  bearings  in  special  cases;  Table  4  shows  the  chemical  composi¬ 
tion  of  some  such  steels. 
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References:  Spravochnik  po  mashlnostroitM  'nvm  materlalam  [Hand¬ 
book  on  Machine  Construction  Materials],  Vol.  1,  Moscow,  1959;  Sheyn, 
A.S. ,  Bashkirov,  B.Ya. ,  Tsareva,  A. A. ,  Termicheskaya  obratotka  vyso- 
kouglerodistoy  khromistoy  nerzhaveyushchey  stali  [Heat  Treatment  of 
High-Carbon  Chrome  Stainless  Steel],  Moscow,  1956  (AS  USSR,  Institute 
of  Technological  and  Economic  Information,  Theme  5,  No.  1-56-42); 

Sheyn,  A.S,,  et  al. ,  Nerzhaveyushchlye  stali  dlya  pod3hipnikov,  pred- 
naznachennykh  dlya  raboty  pri  povyshennykh  temperaturakh  [Stainless 
Steels  for  Bearings  Intended  for  Operation  at  High  Temp- natures ] ,  in 
book:  Transactions  of  the  All-Unlcn  Scientific  Research  Design  and 
Technology  Institute  of  the  Bearing  Industry,  Moscow,  I960,  No.  4(24); 
Sheyn,  A.S. ,  Gorshkova,  V.  P.  ,  Podshipnlk  [Bearing],  1959,  No.  11,  pages 
8-11;  Podshlpnlki  kacheniya  [Anti -Friction  Bearings],  Moscow,  196l; 
Mashinostroyeniye.  Entsikiopcdichesk.Ly  spravochnik  [Machine  Construc¬ 
tion.  Encyclopedic  Handbook],  Vol.  3,  Moscow,  1947. 

A.S.  Sheyn 
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STAINLESS  STEEL  is  steel  containing  over  12#  chromium  which  has 
high  corrosion  resistance  under  atmospheric  conditions  and  retains  a 


Pig.  1.  Schematic  division  of  chrome  steels  and  irons  with  respect  to 
structural  characteristics,  l)  Chrome  content,  #;  2)  ferritic  steel;  3) 
semiferritic  steel;  4)  boundary  of  ledeburite  appearance;  5)  steel  with 
structure;  6)  hypereutectoid  steel;  7)  hypoeutectoid  steel;  8)  carbon 
content,  #. 


Pig.  2.  Structural  diagram  of  chrome-nickel  steel  with  0. 1#  C,  0.  35# 
Mn,  0.3#  Si.  l)  Nickel  content.  '<  austenite;  3)  ferrite  +  pearlite; 
4)  martensite  +  pearlite;  5)  austenite  +  martensite;  6)  austenite  + 

+  martensite  +  ferrite;  7)  austenite  +  ferrite;  8)  martensite  +  fer¬ 
rite;  9)  chrome  content,  #;  10)  ferrite;  11)  more  than. 


a  bright  metallic  luster,  i.e. ,  it  has  stainless  properties.  Chromium 
also  improves  the  corrosion  resistance  of  iron  alloys  in  several  other 
media  (primarily  oxidative),  which  is  utilized  widely  in  the  fabrica¬ 
tion  of  chemical  equipment  and,  in  particular,  equipment  for  the  pro¬ 
duction  of  nitric  acid.  The  good  corrosion  resistance  is  explained  by 
the  formation  on  the  surface  of  the  steel  of  a  stable  oxide  film  which 
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Refer*  :  ces:  Spravochnlk  po  mashlnostroi  t?  1  'nym  mati-rlalam  [Hand¬ 
book  on  Machine  Construction  Materials],  Vol.  1,  Moscow,  1959;  Sheyn, 
A.S. ,  Bashkirov,  B.Ya. ,  Tsareva,  A. A.,  Termlche3kaya  cbratotka  vyso- 
kouglerodistoy  kh^omiotoy  nerzhaveyushchey  stall  [Heat  Treatment  of 
High-Carbon  Chrome  Stainless  Steel],  Moscow,  1956  (AS  USSR,  Institute 
of  Technological  and  Economic  Information,  Theme  5,  No.  1-56-42); 

Sheyn,  A.S.  .  et  al. ,  Nerzhaveyushchlye  stall  dlya  podshipnikov,  pred- 
naznachennykh  dlya  raboty  pri  povyv^h^nnykh  temperaturakh  [Stainless 
Steels  for  Bearings  Intended  for  Operation  at  High  Temp- matures ] ,  in 
book:  Transactions  of  the  All-Unicn  Scientific  Research  Design  and 
Technology  Institute  of  the  Bearing  Industry,  Moscow,  I960,  No.  4(24); 
Sheyn,  A.S. ,  Gorshkova,  V.  P. ,  Podshipnik  [Bearing],  195°»  No.  11,  pages 
8-11;  Podshipnikl  kacheniya  [Anti -Friction  Bearings],  Moscow,  1961; 
Mashinostroyeniye.  Entsiklopedicheskiy  spravochnik  [Machine  Construc¬ 
tion.  Encyclopedic  Handbook],  Vol,  3,  Moscow,  1947* 


A.S.  Sheyn 
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STAINU5S3  STEEL  Is  steel  containing  ->ver  12#  chromium  ^nich  has 
high  corrosion  resistance  under  atmospheric  conditions  and  retains  a 


Pig.  1.  Schematic  division  of  chrome  steels  and  iron.,  with  respect  to 
structural  characteristics,  l)  Chrome  content,  #;  2)  ferritic  steel;  3) 
semiferritic  steel;  4)  boundary  of  ledeburite  appearance;  5)  steel  with 
structure;  6)  hypereutectoid  steel;  7)  hypoeutcctold  steel;  6)  carbon 
content,  #. 


Pig.  2.  Structural  diagram  of  chrome-nickel  steel  with  0.1#  C,  0.  35# 
Mn,  0.3#  Si.  l)  Nickel  content,  #;  2)  austenite;  3)  ferrite  +  pearlite; 
4)  martensite  +  pearlite;  5)  austenite  +  martensite;  6)  austenite  + 

+  martensite  +  ferrite;  7)  austenite  +  ferrite;  8)  martensite  +  fer¬ 
rite;  9)  chrome  content,  #;  10)  ferrite;  11)  more  than. 


a  bright  metallic  luster,  i.e.,  it  has  stainless  properties.  Chromium 
also  Improves  the  corrosion  resistance  of  iron  alloys  in  several  other 
media  (primarily  oxidative),  which  i3  utilised  widely  in  the  fabrica¬ 
tion  of  chemical  equipment  and,  in  particular,  equipment  for  the  pro¬ 
duction  of  nitric  acid.  The  good  corrosion  resistance  is  explained  by 
the  formation  on  the  surface  of  the  steel  of  a  stable  oxide  film  which 
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Pig.  3.  Effect  of  carbon  and  chroma  on  corrosion  resistance  of  chrome 
steel  in  atmospheric  conditions,  l)  Carbon,  #;  2)  stainless  after  heat 
treatment;  3)  rusts;  U)  stainless  even  without  heat  treatment;  5} 
chrome,  #. 


Pig.  b.  Effect  of  tempering  temperature  on  corrosion  resistance^cf  12# 
stainless  chrome  steel  in  5#  nitric  acid,  l)  Weight  loss,  mg/cnT;  2) 
hours;  3)  tempering  temperature,  °C. 


In  addition  to  chromium,  N1 ,  Mn,  C,  Mo,  W,  Nb  and  other  elements  are 
introduced  into  steel  in  order  tc  provide  high  mechanical  properties  at 
high  temperatures  and  special  physical  properties. 

Depending  on  composition,  the  stain. &3S  steels  are  divided  into 
chrome,  chrome -nickel,  chrome -manganese,  chrome -manganese -nickel.  With 
respect  to  structure,  the  stainless  steels  are  divided  into  martensi¬ 
tic,  semiferrltlc,  ferritic,  ferritic -austenitic,  austenitic,  austen¬ 
itic-ferritic,  letedurltlc  (iron).  Figures  1  and  2  show  the  division  of 
the  chrome  and  chrome -nickel  steels  with  respect  to  structural  charac¬ 
teristics. 

Martensitic  stainless  steel  ccntpins  up  tc  17#  chrome  depending  or 
the  carbon  content  and  Is  produced  in  the  following  grades:  lKhl3,  2  .  - 
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13,  4Khl3,  Khl8,  Khl7N2;  several  grades  of  complex -alloyed  steel  of 
high  heat  resistance  are  also  used.  The  variation  of  the  corrosion  re¬ 
sistance  under  atmospheric  conditions  with  carbon  and  chrome  content  In 
the  steel  Is  shown  In  Pig.  3.  In  order  to  avoid  reduction  of  the  corro¬ 
sion  resistance,  tempering  in  the  temperature  range  450-525°  Is  not 
recommended  (Pig.  4).  See  Martensitic  Stainless  Steel. 

Send  ferritic  stainless  steel  has  low  carbon  content  (less  than 
0.08$6)  with  13-15#  chrome  (0Khl3)  and  contains  about  0.1#  carbon  with 
15-17#  chrome  (Khl7,  Khl7T).  With  heat  treatment  this  steel  acquires  a 
partial  temper,  since  at  high  temperatures  it  consists  of  6-ferrite  and 
austenite.  The  semiferritic  stainless  steels  are  used  as  a  corrosion- 
resistant  material  (see  Ferritic  and  Semiferritic  Stainless  Steel). 

Ferritic  stainless  steel  contains  18-35#  chrome,  has  low  heat-re¬ 
sistance  properties,  has  high  tendency  to  grain  growth  with  heating  and 
welding  about  800°.  With  extended  heating  or  slow  cooling  from  high 
temperatures  (above  800°),  this  steel  becomes  coarse  grained  and  brit¬ 
tle  at  room  temperature.  In  this  case  the  cold  brittleness  threshold 
may  be  above  20°. 

Ferritic -austenitic  stainless  steel  usually  contains  20-30#  chrome 
and  a  small  amount  of  the  austenite-forming  elements:  manganese,  nick¬ 
el,  nitrogen,  carbon.  The  steel  structure  contains  ferrite  and  up  to 
30#  austenite.  These  steels  have  received  restricted  application,  they 
are  used  where  somewhat  higher  strength  at  high  temperature  and  high 
resistance  in  gaseous  media  containing  sulfur  (furnace  gases)  are  re¬ 
quired.  These  steels  are  prone  to  precipitation  of  the  a-phase  with 
slow  cooling  or  heating  in  the  range  700-850°  and  to  dispersion  harden¬ 
ing  at  a  temperature  of  about  475° ,  leading  to  embrittlement  of  the 
steel. 

Austenitic  stainless  steel,  which  Includes  the  largest  number  of 
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grades,  has  high  corrosion  resistance  In  oxidizing  media,  moderate 
strength,  high  plasticity  and  good  weldability  (see  Austenitic  Stain¬ 
less  Steel). 

Austenitic -ferritic  stainless  steel  contains  17-25#  chrome  and  the 
austenite -forming  additives  nickel  or  manganese  in  quantities  which 
form  the  prescribed  two-phase  structure  with  austenite  predominant  (see 
Austenitic -Ferritic  Stainless  Steel). 

The  resistance  of  the  stainless  steels  to  atmospheric  corrosion 
depends  also  on  the  atmospheric  conditions  themselves.  Per  example,  13# 
chrome  steel  has  higher  corrosion  resistance  in  an  uncontaminated  at¬ 


mosphere.  In  the  atmosphere  of  industrial  cities,  contaminated  with  the 

products  of  combustion  of  sulfur ous  fuel,  smoke,  soot  (;pe  table),  the 

Effect  of  d^rface  condition 
on  Corrosion  Resistance  of 
13#  Chrome  'Heel 


l)  Surface  condition;  2)  weight  loss  in  the  course  of  20  days  (g/m'");  3 
3)  with  alternate  wetting  and  drying;  4)  with  spraying  with  salt  solu¬ 
tion;  5)  untreated  rolled  material;  6)  sand  blasted;  7)  passivated  for 
30  minutes  in  10#  solution  of  HNOy  8)  polished  with  No.  00  emery  cloth. 


stainless  steels  reti&n  their  lustrous  surface  for  long  periods,  but  in 
the  course  of  time  they  are  attacked  by  pitting  corrosion,  primarily  in 
at  locations  of  accumulation  of  deposits  of  smoke  particles.  Polishing 
to  provide  a  smoother  surface  (periodic  cleaning  of  the  surface  of 
parts  made  from  stainless  steel)  improves  the  corrosion  resistance. 
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In  polishing  and  treating  the  surface  of  parts  made  fi*om  stainless 
steel*  use  cannot  be  made  of  abrasives  or  other  material  containing  i- 
ron,  since  adherence  of  the  iron  particles  leads  to  the  appearance  of 
rust  traces  on  the  surface  of  the  stainless  steel.  Therefore  after 
treatment  it  is  advisable  to  subject  the  parts  to  etching  or  polishing. 
Light  etching  of  stainless  steel  in  oxidizing  media  facilitates  the 
formation  on  the  surface  of  thin  passive  films  and  improvement  of  the 
corrosion  resistance.  Under  conditions  of  marine  air  which  contains 
very  fine  particles  of  chloride  and  other  sales*  stainless  steel  with 
chrome  content  of  13$  and  17$  and  the  type  18-8  chrome -nickel  steel  are 
strongly  attacked  by  pitting  corrosion.  Under  these  conditions  the  type 
18-8  chrome-nickel  austenitic  steel  with  molybdenum,  and  particularly 
with  metallic  titanium,  has  the  best  resistance. 

References:  Khlmushln,  P. P.  Nerzhaveyushchiye  stall  [Stainless 
Steels],  Moscow,  1963;  Kolombie,  L.  and  Gokhman,  I.,  Stainless  and  High 
Temperature  Steels,  translated  from  French,  Moscow,  1958;  Gudremon,  E. , 
Special  Steels,  translated  from  German,  Vol.  1-2,  Moscow,  1959-60. 

P. F,  Khimushin 
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STAINLESS  STEEL  FOR  CHEMICAL  MACHINERY  is  steel  with  high  corro¬ 
sion  resistance  in  aggressive  media.  The  corrosion  resistance  of  steel 
in  aggressive  media  depends  on  the  nature  of  the  base  metal,  its  alloy¬ 
ing,  the  concentration  of  chemically  active  reagents  m  these  media, 
and  also  on  the  methods  of  fabricating  the  parts  of  the  chemical  equip¬ 
ment  and  machinery.  The  resistance  characteristics  of  the  steel  may  be 
affected  by  the  test  conditions,  the  intensity  of  the  stress  state,  ac¬ 
tion  of  aeration,  accelerated  corrosive  action  on  the  interfaces  of  the 
liquid  and  gas  phases,  etc.  Therefore  in  designing  and  fabricating 
chemical  equipment  it  is  necessary  to  take  account  of  these  Influences, 
particularly  the  welding  conditions,  the  corrosion  resistance  of  the 
weld  seams.  A  wide  assortment  of  stainless  steels  Is  used  in  chemical 
machinery  construction  (see  table).  For  the  properties  and  corrosion 
resistance  of  these  steels  see:  Austenitic  Stainless  Steel,  Martensitic 
Stainless  Steel,  Austenitic -Ferritic  Stainless  Steel. 

In  fabricating  welded  chemical  equipment,  it  is  necessary  to  take 
account  of  the  tendency  of  stainless  3teel  to  Intercrystalline  or  "pit¬ 
ting"  corrosion  and  turn  attention  to  the  corrosion  resistance  of  the 
weld  seams.  To  avoid  Intercrystalline  destruction  of  welded  equipment 
in  service,  for  large-scale  equipment  use  is  made  of  chrome-nickel 
steel  with  additions  of  titanium  or  niobium.  However  the  weld  Joints 
acquire  the  best  corrosion  resistance  in  various  aggressive  media  after 
heat  treatment.  Therefore,  for  small -size  chemical  equipment  made  from 
chrome-nickel  steel  it  is  advisable  after  welding  to  use  a  quench  from 
950-10501'  with  rapid  cooling  in  water  or  by  air  blast  to  obtain  the 
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3tainless  Steels  Used  In  Chemical  Machinery  Construc¬ 
tion 
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l)  Stee1  2)  grade  per  GOST  5o32-6lf  3)  application;  4)  semistainless, 
chrome;  5)  Kh5M,  Kh7SM,  Kh6CM;  6)  parts  for  cracking  plants  operat¬ 
ing  at  high  temperatures  and  pressures;  7)  chrome;  8)  0Khl3  (EI496); 
9)  parts  for  cracking  plants  and  equipment  for  processing  petroleum 
with  high  sulfur  content;  10)  lKhl3  (Zhl),  2Khl3  (Zh2),  3Khl3  (Zh3), 
4Khl3  (Zh4);  11)  parts  for  equipment  subjected  to  the  action  of  weak 
aggressive  media  ^solutions  of  organic  acids  at  room  temperature);  11a) 
Khl7*  0Khl7T;  lib)  equipment  for  nitric  acid  plants  (absorption  towers, 
heat  exchangers  for  hot  nitrose  gases  and  hot  nitric  acid  of  strength 
no  greater  than  65#  at  temperatures  of  60-70°,  and  with  boiling  temper¬ 
atures  strength  not  over  5&£).  Equipment  for  foodstuff  industry  plants; 
lie)  Kh25T,  Kh28,  Kh28AN;  lid)  parts  for  equipment  operating  in  solu¬ 
tions  of  fuming  nitric  acid,  phosphoric  acid  of  various  concentrations, 
and  other  strongly  oxidizing  aggressive  media;  12)  28-34#  chrome  irons; 
13)  Kh28,  Kh34  (003T  2176-43);  14)  cast  parts  for  equipment  for  pumping 
acids  in  the  nitrogen  Industry,  explosives  industry,  and  artificial 
fertilizers.  Parts  which  are  resistant  in  fuming  nitric  acid  and  solu¬ 
tions  of  phosphoric  and  acetic  acids;  15)  type  18-8  chrome -nickel;  16) 
0Khl8N10T  (EYaO),  Khl8NlCT  (EYalT) ,  Khl8N9T  (EYalT) ,  0Khl8N12B  (EI402); 
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17)  welded  equipment  used  in  the  production  of  nitric  acid  of  strength 
to  66#  at  temperatures  not  over  60°  and  for  boiling  acid  with  strength 
not  over  50#  (absorption  towers,  heat  exchangers,  acid  tanks,  piping). 
Varied  equipment  for  the  production  of  various  chemical  semimanufac¬ 
tures  made  from  organic  materials;  18)  chrome-nickel  with  molybdenum; 
19)  0Kh21N6M2T  (EP54),  0Khl7N13M2T  (El 448),  OKhl7Nl6M3T  (EI580);  20) 
parts  operating  in  medium  of  high  aggressivity.  in  particular  in  for¬ 
mic,  acetic,  lactic,  oxalic  acids  (not  over  5#)  and  also  in  phosphoric 
acid  (to  32#)  containing  fluorine  compounds,  in  boric  acid  with  some 
sulfuric  acid  (to  1#),  in  fluosilicic  acid  (to  10#)  for  temperatures 
not  over  40°;  21)  highly  alloyed  chrome-nickel  with  molybdenum;  22) 
0Kh23N28M2T  (EI628);  23)  parts  operating  in  solutions  of  3ulfuric  acid 
of  low  concentrations  (to  20#)  at  temperatures  not  over  60°,  in  phos¬ 
phoric  acid  containing  fluorine  compounds,  and  in  other  media  of  high 
aggressivity;  24)  highly  alloyed  chrome -nickel -molybdenum-copper;  25) 
0Kh23I.T28M3D3T  (El 943);  26)  parts  operating  in  sulfuric  acid  of  all  con¬ 
centrations  at  temperatures  not  over  80°,  phosphoric  acid  (32-50$)  con¬ 
taining  fluorine  compounds,  in  fluosilicic  acid  of  high  concentration 
(to  25#)  at  temperatures  not  over  70°;  27)  chrome -manganese -nickel;  28) 
2Khl3N4G9  (EI100),  Khl4Gl4N;  29)  high  strength  structural  elements 
joined  by  electric  spot  welding,  resistant  to  atmospheric  corrosion; 

30)  same;  31)  Khl4G14N3T  (EI71l);  32)  welded  structures  and  equipment 
operating  in  media  of  weak  aggressivity  —  organic  acids  of  low  concen¬ 
trations  and  at  moderate  temperatures;  33)  Khl7G9AN4  (EI878),  Khl7AGl4 
(EP213);  34)  replacement  for  the  type  l8-o  chrome-nickel  steel  in  arti¬ 
cles  operating  in  weakly  aggressive  media  and  under  conditions  of  at¬ 
mospheric  corrosion. 


solid  solution;  for  17#  chrome  steel  an  anneal  at  720-760°  with  air 
cooling  should  be  used. 

In  order  to  economize  the  expensive  stainless  steel  in  equipment 
operating  under  pressure,  it  is  advisable  to  make  use  of  two-layer  ma¬ 
terials  in  which  only  10#  of  the  metal  thickness  is  stainless  steel.  At 
the  present  time  the  metallurgical  industry  has  initiated  the  produc¬ 
tion  of  the  MSt.  3  two-layer  laminated  steel  (Khl8N9T  and  20K)  Khl7N13- 
M2M,  and  NIIKhIMMASh  has  developed  the  technology  of  welding  this  steel 
using  electrodes.  To  euonoudze  on  nickel  it  is  recommended  that  the 
chrome-nickel  lKh21N5T  steel  and  0Kh21N6M2T  steel  with  reduced  nickel 
content  be  used  (see  Austenitic -Ferritic  Stainless  Steel). 

References:  Evans,  E. R. ,  Corrosion,  Passivity,  and  Protection  of 
Metals,  translated  from  English,  Moscow -Leningrad,  1941;  Akimov,  G.V. , 
Osnovy  ucheniya  o  korrozii  1  zashchlte  metallov  [Fundamentals  of  the 
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Science  of  Corrosion  and  Protection  of  Metals],  Moscow,  1946;  Khimu- 
shln,  F.F. ,  Nerzhaveyushchiye,  kislotoupornyye  1  zharoupornyye  stall 
[Stainless,  Acid-Resistant,  md  Heat-Resistant  Steels],  2nd  edition, 
Moscow,  1945;  BatraKOv,  V.  P.  ,  Korroziya  konstruktsionnykh  materialov  v 
::  resslvnykh  sredakh  [Corrosion  of  Constructional  Materials  in  Aggres¬ 
sive  Media],  Moscow,  1952;  Barannik,  V.  P.  ,  Kratkiy  spravochnik  po  kor- 
rozii  [Short  Handbook  on  Corrosion]  (Khimicheskaya  stoykost'  materialov 
[Chemical  Resistance  of  Materials]),  Moscow-Leningrad,  1953;  Babakov, 

A. A.,  Nerzhaveyushchiye  stall.  Svoystva  i  khimicheskaya  stoykost'  v 
razlichnykh  agressivnykh  sredakh  [Stainless  Steels.  Properties  and 
Chemical  Resistance  in  Various  Aggressive  Media],  Moscow,  1956;  Ryab- 
chenkov,  A.V. ,  Korrozlonno-ustalostnaya  prochnost1  stall  [Corrosional 
and  Fatigue  Strength  of  Steel],  Moscow,  1953;  Korroziya  nerzhaveyush- 
chikh  staley  1  voprosy  passivnosti  [Corrosion  of  Stainless  Steels  and 
Questions  of  Passivity],  edited  by  I.L.  Rozenfel'd,  Moscow,  1957  (Kor¬ 
roziya  metallov  [Corrosion  of  Metals],  collection  of  translated  arti¬ 
cles,  Vol.  3;  Kazennov,  Yu.I.,  et  al. ,  0  primenenll  nestablllzirovan- 
nykh  khromonikelevykh  kls lotos toykikh  staley,  soderzhashchikh  med '  [On 
the  Use  of  Unstablllzed  Chrome -Nickel  Acid-Resistant  Steels  Containing 
Copper],  in  collection:  Korroziya  1  iznos  konstruktsionnykh  materialov 
khimicheskogc  mashinostreyeniya  [Corrosion  and  Wear  of  Constructional 
Materials  for  Chemical  Machinery  Construction],  Moscow,  1958,  page  57; 
Shvarts,  G.L.  ,  Sidorkina,  Yu.S.,  Splavy,  stoykiye  v  csrnoy  kislote  i 
druglkh  agressivnykh  sredakh  [Alloys,  Resistant  in  Sulfuric  Acid  and 
Other  Aggressive  Media],  In  collection:  Korroziya  i  iznos  metallov 
[Corrosion  and  Wear  of  Metals],  Moscow,  1959,  page  54;  Kazennov,  Yu.I. 
and  Kolosova,  L.  P.  ,  Neicotoryye  dannyye  o  stoykost!  protlv  mezhkriatal- 
litnoy  korrozil  chistoausteni  tnykh  staley,  soderzhashchikh  23#  khroma  i 
23-28#  nikelya  (Some  Data  on  Resistance  to  Intercrystalline  Corrosion 
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of  Purely  Austenitic  Steels  Containing  23#  Chrome  and  23-28#  Nickel], 
Avtomaticheskaya  svarka  [Automatic  Welding],  1957*  No.  2,  pages  11-21; 
Babakov,  A. A. ,  in  book:  Puti  ekonomii  nerzhaveyushchikh  ctaley  [Ways  to 
Economize  Stainless  Steels],  Moscow,  1969  (Moscow  House  of  Scientific 
Engineering  Propaganda  im.  P. E.  Dzerzhinskiy,  collection  l);  Khimushin, 
P.P. ,  ibid.,  pages  35-73;  Uhlig,  H. H. ,  The  Corrosion  Handbook,  New 
York,  1948;  Ritter,  P. ,  Korroslonstabellen  metallischer  Werkstoffe  ge- 
ordnet  nach  angreifenden  Stoffen  [Corrision-Resistant  Metallic  Materi¬ 
als,  Listed  in  Order  of  Attacking  Substances],  4th  Edition,  Vienna, 
1958;  Todt,  P. ,  Korrosion  und  Korrosionschultz  [Corrosion  and  Corrosion 
Prevention],  2nd  Edition,  Berlin,  1961;  Kiefer,  G. C.  and  Renschaw,  W. 

G. ,  "Corrosion,"  1950,  Vol.  6,  No.  8,  page  235;  Symposium  on  Stress- 
Corrosion  Cracking  of  Metals.  Held  at  Philadelphia,  29-30  Nov.  -1  Dec. 
1944  under  the  joint  sponsorship  of  ASTM  and  AIME,  New  York,  [1945]; 
Symposium  on  Evaluation  Tests  for  Stainless  Steels,  [New  York],  1950 
(ASTM.  Special  techn.  publication.  No.  93 )• 

P.  F.  Khimushin 
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|  STAINLESS  STEEL  FOR  ELASTIC  ELEMENTS  -  see  Heat-Resistant  Spring 

j  Steel. 
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STAINLESS  STEEL  FOR  FOODSTUFF  INDUSTRY  13  steel  which  in  nontoxic 
and  corrosion  resistant  in  foodstuff  media  of  the  milk,  meat,  cheese- 
TABLE  1 

Corrosion  Resistance  of  Stainless  Steels  for  the  Foodstuff  Industry 
(data  of  NIIPRODMASh) 
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•T  Is  the  acidity  In  degrees  Traless. 

l)  Corrosion -active  processes;  2)  corrosion  depth  (no/yr);  3)  milk  In¬ 
dustry;  4)  processing  of  milk  products  at  ordinary  temperature  (milk, 
condensed  milk,  cream,  condensed  cream,  kefir,  sour  milk,  mixture  for 
milk  and  Trult  lee  cream);  5)  thenral  treatment  of  milk  produ:ts  with 
acidity  from  18*  tc-  !£0*T*  at  * emperatures  from  30*  to  belling;  6)  pro¬ 
duction  and  treatment  of  milk  products  which  do  not  contain  table  salt 
(acidophilus  milk,  sour  cream,  curds  and  curdled  stock,  lactic  acid 
leavens,  acidophilic  paste,  etc.)  with  acidity  from  120*  * c  4oO*T  at 
temperatures  to  30*.  7)  production  of  rennln  cheeses  (curds,  whey.  In¬ 
cluding  acidified  ,trv*  Durlfled  stock)  with  acidity  frc«  15*  to  J20*T  at 
temperatures  to  60*;  8)  handling  cheese  stock  (curdled  wh«*y,  whey,  milk 
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sugar,  dried  whey)  with  acidity  from  200  to  250°T  at  temperatures  to 
80,  9)  production  of  liquid  cheeses  (pot  cheese,  skim-milk  cheese, 
brynza,  creamery  butter,  whey,  milk  spice)  at  temperatures  to  30°;  10) 
production  and  processing  of  butter  (pasteurized  cream,  cow  butter, 
sweet  and  sour  cream,  both  salted  and  unseited)  at  temperatures  to  30°; 
ll)  bakery  Industry;  12)  production  of  dough  (wheat  and  rye  dough, 
leavened  doughs,  yeasts  and  ferments)  at  temperatures  to  32°  and  acidi¬ 
ty  to  25°  Neumann;  13 )  production  of  bakery  yeasts  (liquid  and  pressed) 
:t  temperatures  to  526  and  acidity  from  15  to  20°  Neumann;  14}  dilute 
solutions  of  table  salt  (tr  3#  NaCl)  at  temperatures  from  18  to  25°; 

15)  concentrated  solutions  of  table  salt  (20#  NaCl)  at  temperatures  of 
16-25°;  16)  resistant. 


making,  bread  industries,  has  adequate  corrosion  resistance  in  solu¬ 
tions  used  for  washing  and  disinfecting  production  equipment  -  in  0. 5# 
solution  of  calcined  soda,  0.  15#  solution  of  caustic  soda,  bleaching 
powder  solutions  containing  200  r.,1  of  active  chlorir.  .  'n  fabricating 
equipment  for  the  foodstuffs  industry,  use  is  made  of  the  following 
grades  of  stainless  steels:  0Khl3  (EI496),  lKhl3  (Zhl),  2Khl3  (Zh2), 
3Khl3  (Zh3),  4Khl3  (Zh4),  Khl4Gl4N,  Khl4Gl4N3T,  2Khl3N4G9  (EC  100),  Kh- 
37N13M2T,  Khl7N4AG9  (EI878),  Khl7,  Khl7T,  Khl7N2  (EI268),  0Khl8N10 
(EYaO),  Khl8N9  (EYal ) ,  lKhl8N9T  (EYalT)  and  Kh27- 

With  regard  to  corrosion  rate  in  the  media  listed,  the  stainless 
steels  for  the  foodstuffs  industry  are  divided  into  the  following 
groups:  completely  resistant,  with  corrosion  depth  no  more  'ha:.  0.0010 
nin/yr;  satisfactorily  resistant  -  0.0011-0.  Of  3  mm/yr;  poor  resistance  — 
from  0.003  to  0.005  mm/yr  (under  the  condition  of  uniformity  of  the 
corrosive  action).  Table  1  gives  data  on  the  corrosion  resistance  of 
the  stainless  steels  fer  the  foodstuffs  Industry  in  various  feedstuff 
media. 


With  extended  contact  with  disinfectant  solutions,  the  at 
steels  fer  the  foodstuffs  industry  may  be  attacked  by  pi* ting 
slon,  therefor*'  art  »r  us*'  of  disinfectant  solutions  con*  airing 
the  parts  and  equipment  should  be  carefully  washed  and  dryed. 
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TABI£  2 

Corrosion  Resistance  of 
Stainless  Steels  in  Food¬ 
stuffs  Media  and  in  Media 
Associated  with  Food  Pro¬ 
duction 
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Note:  Corrosion  resistance  is  indicated  on  a  5-num- 
oer  scale:  number  1  -  material  is  very  resistant, 
weight  loss  less  than  0. 1  g/re^-hr;  number  2  —  mate¬ 
rial  is  resistant,  weight  loss  from  0. 1  to  1  g/m*- 
hr;  number  3  -  material  is  comparatively  resistant 
weight  loss  from  1  to  3  g/m^-hr;  k  -  material  has 
low  resistance,  weight  loss  rrora  3  to  10  g/m2-hr; 
number  5  -  material  is  not  resistant,  weight  loss 
more  than  10  g/m2-hr.  ^Pitting  corrosion  in  the 
presence  of  air. 
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l)  Medium;  2)  temperature  (°C);  3)  lKhl3j  2Khl3;  4)  Khl7;  5)  Khl8N9, 
lKhl8N9T:  6)  Khl7N13M2T;  7)  Khl7N4AG9;  8)  ammonia  of  all  concentra¬ 
tions;  9)  ammonia  (gas);  10)  hot:  ll)  ammonia  (solution);  12)  vlnegret- 
te  [salad];  13)  natural  wine;  14)  glycerine;  15)  pepper;  16)  mustard; 
16)  carbonated  water:  17)  blood  (from  meat):  lo)  ketchup  (tomato 
sauce);  18)  cold;  19)  ketchup  (tomato  sauce);  20)  5 f  citric  acid;  21) 
boiling;  22)  mavonnaise;  23)  vegetable  butter  oil;  24)  milk;  25)  5# 
lactic  acid;  26;  sea  water;  27)  soap:  28)  vegetable  juice;  29)  beer; 

■/')  sugar  (solutions);  31)  cider;  32)  soda  bicarbonate;  33)  5$  soda  bi¬ 
carbonate;  34)  table  salt  (sodium  chloride) ,  5$;  34')  5 $;  34")  20$:  35) 
carbonic  acid;  36)  acetic  acid:  37)  acetic  anhydride;  38)  same;  39)  40$ 
formalin;  40)  fruit  Juices;  4i)  chlorine  water;  42)  ethyl  alcohol. 


Table  2  presents  data  on  the  corrosion  resistance  in  various  food¬ 
stuff  media  most  widely  used  grades  of  tne  stainless  steels  for  the 
food  industry. 

For  chemical  composition  and  mechanical  properties  of  the  foremen- 
tioncd  steel  grades  for  the  food  industry  see:  Stainless  Steel,  Austen¬ 
itic  Stainless  Steel,  Austenitic-Ferritic  Stainless  SteelJ  Martensitic 
Stainless  Steel,  Ferritic  and  Semlferrltlc  Stainless  Steel.  In  order  to 
save  on  nickel,  it  is  recommended  that  primary  use  be  made  of  the  OKh- 
13,  Khi7,  Kh  2,;  chrome  steels,  and  also  the  chrome -nickel  and  chrome - 
manganese  steels  with  lower  nickel  content. 

F.  F.  KMmushin 
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STAINLESS  STEEL  FOR  HEATING  ELEMENTS  is  steel  with  high  ohmic  re¬ 
sistance  which  provides  for  the  release  of  a  large  amount  of  heat  with 
the  passage  of  electrical  current. 

The  alloying  elements  for  this  steel  are  chromium  and  aluminum.  In 
addition  to  the  high  ohmic  resistance  and  slight  variation  of  this  re¬ 
sistance  at  high  temperature,  this  steel  has  resistance  to  oxidation  in 
the  corresponding  media  and  low  temperature  coefficient  of  linear  ex¬ 
pansion.  For  the  majority  of  the  steels  used,  the  electrical  resistivi- 

O 

ty  is  in  the  range  of  1.2-1. 6  ohms -mm  /m;  the  higher  the  aluminum  con¬ 
tent,  the  less  the  variation  of  the  electrical  resistance  with  tempera- 


TABLE  1 

Chemical  Composition  of  Stainless  Steel  for  Heating 
Elements* 
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♦Composition  of  first  four  steels  per  GOST  9232-59, 
remainder  per  GOST  5632-51* 

l)  Steel  per  GOST;  2)  plant  designation;  3)  element  content  (#):  4)  Kh- 
13Yu4;  5)  El. 


ture.  The  chemical  composition  of  the  stainless  steel  for  heating  ele¬ 
ment  is  given  in  Table  1,  and  the  physical  and  mechanical  properties 
are  given  in  Tables  2  and  3.  Heating  of  the  Khl3Yu4  steel  is  limited  to 
1000°,  the  0kh23Yu5  and  0Kh23Yu5A  steels  are  resistant  to  oxidation  up 
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to  1200°. 

The  0Kh25Yu5A  steel  has  the  highest  resistance  to  oxidation  (to 
1300°)  and  the  highest  electrical  resistivity.  Figure  1  shows  the  vari 

TABLE  2 

Physical  Properties  of 
Stainless  Steel  for  Heat¬ 
ing  Elements  (wire,  strip)* 
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*Value  of  p,  a  and  a  given  at  20°. 
l)  Steel;  2)  p  (ohm-mm2/mm) ;  3)  t°pl  (°C);  4)  Khl3Yu4. 

TABLE  3 

Mechanical  Properties  of  Stainless  Steel  for  Heating 
Elements 
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l)  Steel;  2)  condition;  3)  (kg/mm 2);  4)  number  of  l80°  bends;  5)  Kh« 

13Yu4;  6)  as  delivered;  7)  after  10  minutes  at  720-740°  and  air  cool¬ 
ing;  8)  lKh25Yu5;  9)  after  10  minutes  at  J60°  and  water  cooling. 


atlon  of  the  electrical  resistivity  of  the  0Kh23Yu5A  and  0Kh27Yu5A  s 
steels  for  single  and  multiple  heatings.  The  structural  changes  in  the 
range  of  temper  brittleness  at  a  temperature  near  475°  has  an  effect  on 
the  values  of  a  and  p,  and  are  the  cause  of  their  large  scatter.  Long¬ 
term  soak  at  temperatures  near  4^0°  for  100  hours  eliminates  this  phe¬ 
nomenon,  but  the  heating  element  becomes  brittle. 

The  effect  of  tempering  temperature  for  100  hours  on  the  electri¬ 
cal  resistance  and  the  mechanical  properties  of  the  0Kh27Yu5A  steel 
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which  has  had  a  solid -solution  quench  is  shown  in  Pig.  2.  The  rate  of 
cooling  from  high  temperatures  has  an  effect  on  the  electrical  resis¬ 
tivity  and  the  mechanical  properties,  with  slow  cooling  they  are  con¬ 
siderably  lower  than  with  rapid  cooling.  In  view  of  the  low  high-tem- 


Pig.  1.  Variation  of  electrical  resistance  with  temperature  and  multi¬ 
ple  heatings:  a)  steel  0Kh27Yu5A;  b)  steel  0Kh23Yu5A  (-♦  heating,  *- 
cooling),  l)  R,  ohms ;  2)  heating;  3;  cooling;  4)  reheating;  5)  recod¬ 
ing;  6)  temperature,  °C. 


Pig.  2.  Effect  of  tempering  temperature  for  100  hours  on  mechanical 
properties  and  electrical  resistance  of  quenched  0Kh27Yu5A  steel,  l) 
Rotp/Rzak*  tempering  temperature,  °C. 


perature  strength  of  the  alloys  it  is  necessary  to  design  the  furnaces 
so  that  the  heating  elements  (spirals)  rest  on  supports  and  they  must 
be  easy  to  replace.  In  selecting  the  steel  for  specific  reposes,  it  is 
necessary  to  take  account  of  the  effect  of  the  medium,  both  gaseous  and 
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solid,  l.e. ,  ceramic  supports  and  holders,  with  which  the  heating  ele¬ 
ment  comes  into  contact  during  operation. 


3  Variation  of  life  of  heating  elements  with  heating  temperature 
in  an  air  atmosphere:  a)  OKh23Yu5A  steel;  b)  0Kh27Yu5A  steel;  c)  ni- 
chrome  alloy  fKh20N80);  d)  nichrome  alloy  (Khl5N6o).  l)  Life,  hours;  2) 
temperature,  *C. 

For  operation  in  reducing  media  where  the  presence  of  free  carbon 
is  possible  and,  consequently,  carburizing  of  the  heating  element  is 
possible,  use  should  be  made  of  a  nichrome  alloy  with  lower  iron  con¬ 
tent  (Khl5N60  or  Kh20N80).  In  a  gaseous  medium  containing  sulfur,  the 
steel  with  chromium  and  aluminum  operates  better.  In  the  case  of  high 
mechanical  loads  at  high  temperatures,  it  is  better  to  use  alloys  based 
on  the  7-solid  solution  (type  80-20  nichromes).  Figure  3  shows  the  ef¬ 
fect  of  temperature  on  service  life  of  the  0Kh23Yu5A  and  0Kh27Yu5A 
steels. 

The  Khl3Yu4  steel  is  used  for  heating  elements  of  household  appli¬ 
ances  and  rheostats;  the  lKhl7Yu5  and  OKhl7Yu5  steels  are  used  for 
heating  elements  of  electric  furnaces  operating  at  temperatures  no 
higher  than  IIOO7;  the  OKh23Yu5,  0Kh23Yu5A,  0Kh27Yu5A,  lKh25Yu5  and  0- 
Kh25Yu5  steels  are  used  for  heating  elements  of  high  temperature  indus¬ 
trial  and  laboratory  furnaces  with  operating  temperatures  up  to  1200- 
13OO7.  Steels  with  the  designator  "A"  have  longer  service  life  than  the 
steel3  without  this  designation. 

References:  Kornilov,  I. I.,  Splavy  zhelezo-khrom-alyuminiy  [Iron- 
Chromium  -Aluminum  Alloys],  Moscow -Leningrad,  1945  (Zheleznyye  splavy 
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[Iron  Alloys],  Vol.  l);  Semenova,  N.  V. ,  Zhukov,  L.L. ,  Stal'  [Steel], 
1959#  No.  7,  page  652;  Semenova,  N.  V. ,  in  book:  Pretsizionnyye  splavy 
[Precision  Alloys],  Moscow,  1959  (TsNIICbM.  No.  22);  Hessenbruch,  W. , 
Metalle  und  Legierungen  fUr  hohe  Temperaturen  [Metals  and  Alloys  for 
High  Temperatures],  Vol.  1,  Berlin,  1940. 

P. P.  Khimushin 
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STAINLESS  STEEL  FOR  MEDICAL  USE  is  steel  which  is  characterized  by 
a  high  degree  of  immunity  to  chemical  corrosion  which  is  used  to  fabri¬ 
cate  equipment,  appliances,  and  instruments  in  medical  practice. 


Fig.  1.  Variation  with  tempering  temperature  of  the  mechanical  proper¬ 
ties  of  2Khl3  steel,  quenched  at  1025°.  l)  kg/mm2;  2)  tempering  temper¬ 
ature,  °C. 


Fig.  2.  Variation  with  tempering  temperature  of  the  mechanical  proper¬ 
ties  of  3Kbl3  steel,  quenched  at  1030°.  l)  kg/mm2;  2)  hardness,  RC;  3) 
a  ,  kgm/cm2;  4)  a  ;  5 )  tempering  temperature,  °C. 


During  use,  the  medical  instruments,  and  also  the  majority  of  med¬ 
ical  appliances  and  equipment  are  subjected  to  periodic  sterilization, 
which,  as  a  rule,  is  a  source  of  the  occurrence  of  corrosion  of  the 
base  metal  of  the  article.  Medical  articles  are  fabricated  from  the 
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martensitic  class  stainless  steel  (the  2Khl3,  3Khl3,  4Khl3  chrome  steel 
and  the  EI515  chrome -molybdenum  steel),  the  semiferritic  class  (Khl7 
chrome  steel),  and  the  austenitic  class  (the  Khl8N9T,  Khl4Gl4N3T,  Khl8- 
G14AN4  chrome-nickel  steels). 


Pig.  3.  Variation  with  tempering  temperature  of  the  mechanical  proper¬ 
ties  of  4Khl3  steel,  quenched  at  1030°.  l)  kg/mm2;  2)  a  ,  kgm/cm2;  3) 
a  ;  4)  tempering  temperature,  °C. 


Pig.  4.  Variation  of  mechanical  properties  of  the  Khl8N9T  steel  with 
degree  of  reduction,  l)  kg/mm2;  2)  degree  of  reduction, 


The  mechanical  properties  as  a  ’unction  of  the  heat  treatment  are 
shown  in  Pigs.  1-3. 

The  2Khl3,  3Khl3,  4Khl3  chronv  stainless  steels  are  used  primarily 
In  the  heat  treated  condition  (quench  temperature  above  1000°)  with 
carefully  polished  surface,  which  provides  high  mechanical  strength  an 
excellent  corrosion  resistance.  Tempering  of  the  quenched  steel  at  -roO- 
550®  is  not  reconmended ,  since  in  this  case  there  appears  precipitation 
of  the  carbides,  accompanied  by  deterioration  of  the  corrosion  resis¬ 
tance.  Chrome  steel  has  good  resistance  to  the  action  of  the  moist  at¬ 
mosphere,  tap  and  sea  water,  steam,  nitric  acid,  and  solutions  of  salts 
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and  alkalis,  blood,  alsohol,  boric  acid,  calcium  permanganate;  it  has 
poor  resistance  to  the  action  of  hydrochloric,  hydrofluoric,  sulfuric 
acids,  chlorine,  bromine,  and  mercuric  chloride  solutions  (see  Marten¬ 
sitic  Stainless  Steel). 

The  Khl7  chrome  steel  is  used  in  the  annealed  condition  and  has 
higher  resistance  to  corrosion  than  the  previously  mentioned  grades  of 
chrome  steel.  Heating  this  steel  above  950°  and  rapid  cooling  increases 
the  strength,  but  considerably  reduces  the  plasticity  and  corrosion  re¬ 
sistance.  The  chrome  steels  are  magnetic  in  the  annealed  and  quenched 
conditions  (see  Ferritic  and  Semlferntlc  Stainless  Steel). 

With  respect  to  corrosion  resistance,  the  Khl8N9T,  Khl4Gl4N3T,  Kh- 
18G14AN4  chrome-nickel  steels  surpass  the  chrome  steels.  The  mechanical 
properties  of  the  chrome-nickel  steel  vary  little  with  heat  treatment. 
This  steel  has  the  lowest  hardness,  very  high  plasticity,  and  best  cor¬ 
rosion  resistance  after  quenching  from  high  temperatures  (1050-1100° ). 
In  the  quenched  condition  the  steel  is  nonmagnetic.  High  hardness  and 
strength  are  achieved  only  by  means  of  cold  deformation  (Fig.  4).  The 
high  plasticity  of  the  steel  is  retained  even  after  considerable 
strengthening  (see  Austenitic  Stainless  Steel). 

The  EI515  chrome  -molybdenum  steel  has  good  resistance  to  the  ac¬ 
tion  of  atmospheric  air,  steam  and  water  at  variable  temperature.  Steel 
quenched  from  above  1000"  has  high  hardness  anti  wear  resistance.  Tem¬ 
pering  of  the  quenched  steel  in  the  400-450°  range  is  not  recommended, 
in  this  case  there  is  observed  precipitation  of  the  carbides  and  reduc¬ 
tion  of  the  corrosion  resistance. 

The  basic  properties  and  application  cf  the  medical  stainless 
steels  are  shown  in  the  table. 
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Basic  Properties  and  Applications  of  Medical  Stain¬ 
less  Steels 
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1)  Steel;  2)  basic  properties;  3)  applications;  4)  2Khl3  (Zh2);  4)  sat¬ 
isfactory  resistance  In  weakly  aggressive  media  (water,  steam,  atmos¬ 
phere).  Greatest  resistance  Is  achieved  after  heat  treatment  and  pol¬ 
ishing;  6)  parts  not  requiring  high  hardness  which  are  subjected  to  Im¬ 
pact  loads  and  the  action  of  weakly  aggressive  media  (parts  for  medical 
instruments  and  equipment,  screws,  pins,  shafts);  7)  3Khl3  (Zh3);  8) 
same;  9)  parts  with  high  hardness  and  elasticity  subjected  to  the  ac¬ 
tion  of  weakly  aggressive  media  (elastic  clamps,  pincers,  forcepts, 
flat  springs,  hooks);  10)  4Khl3  (Zh4);  11)  surgical  cutting  instruments 
(scissors,  cutting  pliers,  forcep  knives,  bone  spoons,  raspatories); 

12)  EI515;  13)  surgical  cutting  Instruments  (scalpels,  bone  knives, 
milling  cutters);  14)  Khl7;  157  satisfactory  corrosion  resistance  In 
media  of  moderate  aggressiveness.  Unsatisfactory  resistance  to  inter- 
crystalline  corrosion;  16)  parts  for  medical  equipment  operating  In  ag¬ 
gressive  media  and  not  requiring  high  hardness.  Not  recommended  for 
fabrication  of  welded  structures;  17)  Khl8N9T  (EyalT);  18)  good  corro¬ 
sion  resistance  and  very  high  elasticity.  Satisfactory  resistance  to 
Intercrystalline  corrosion;  19)  parts  operating  in  aggressive  media  and 
fabricated  by  cold  stamping,  deep  drawing,  wire  drawing,  and  welding 
(injection  needles,  sterilizers,  autoclave:.);  20)  Khl40l4N3T  (EI711); 
21)  corrosion  resistance  and  plasticity  somewhat  lower  than  for  the  Kh- 
18N9T  steel.  Satisfactory  resistance  to  intercrystalline  corrosion;  r M 
replacement  for  the  Khl8N9T  steel  for  parts  with  lower  requirements 
corrosion  resistance  and  plasticity  (mirrors);  23)  Khl80l4AN4  (Ell" 

24)  good  corrosion  resistance  and  high  elasticity.  Jatlsfactory  resis¬ 
tance  to  Intercrystalline  corrosion;  25)  replacement  for  the  Khl8N9T 
steel  for  parts  operating  in  aggressive  media  and  fabric* ved  by  cold 
stamping,  deep  drawing,  and  welding  (sterilizers,  autoclaves). 
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References:  Metal lovedeniye  1  termlcheskaya  obrabotka  stall  1  chu- 
guna  [Metal  Science  and  Heat  Treatment  of  Steel  and  Iron],  Handbook, 
Moscow,  1956;  Mashlnostroyeniye.  Entslklopedlcheskly  opravochnik  [Ma¬ 
chine  Design.  Encyclopedic  Handbook],  Vol.  3,  Moscow,  1947;  Materlaly 
p  obmenu  peredovym  opytom  1  nauchn.  dostizh.  v  med.  prom-sti  [Materi¬ 
als  on  the  Exchange  of  Advanced  Experience  and  Scientific  Achievements 
in  the  Medical  Industry],  1955*  No.  1  (7);  1956,  No.  4  (16);  Medltsin- 
skaya  promyshlennost 1  SSSR  [Medical  Industry  of  the  USSR],  1957,  No.  9; 
1961,  No.  12;  Shmykov,  A. A. ,  Spravochnlk  termista  [Handbook  for  the 
Heat-Treating  Engineer],  2nd  edition,  Moscow,  1961. 

S.Z.  Gol'berg 
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STAMPED  ALUMINUM  PIECES  —  are  semifinished  pieces  obtained  by  the 
stamping  of  aluminum  alloys;  they  have  a  shape  similar  to  that  of  the 
finished  pieces.  They  are  used  in  large-lot  production.  The  size  and 
the  shape  of  the  stamped  pieces  are  limited  by  the  potentialities  of 
the  forging  equipment.  According  to  the  TU,  the  stamped  pieces  are  di¬ 
vided  into  two  classes:  smal.  and  medium  pieces  with  a  weight  up  to 
30  kg,  and  large  pieces  with  a  weight  more  than  30  kg.  The  maximum  size 
of  the  stamped  pieces  is  2000  x  1500  mm.  The  maximum  weight  of  the 
stamped  pieces  depends  on  the  casting  properties  of  the  alloy  (allowing 
large-diameter  castings  to  be  obtained)  and  on  the  preliminary  treat¬ 
ment  cf  the  blank  before  stamping  (pressed,  forged,  or  cast  blanks). 

The  following  types  of  blanks  are  used  for  stamping:  machined  castings 
molded  by  the  semicontinuous  method;  pressed  rods;  and  pieces  obtained 
by  forging  the  casting  or  the  pressed  rod.  The  maximum  weight  of  a 
stamping  piece  obtained  from  a  cast  blank  or  a  forged  casting  is  great¬ 
er  than  that  of  a  piece  obtained  from  a  pressed  blank.  Flaws  (scabs, 
scratches,  or  clefts)  deteriorating  t:  e  material  properties  along  the 
thickness  may  occur  on  surfaces  where  the  metal  flowed  with  a  high 
rate.  These  flaws  may  be  determined  by  the  UZ  flaw  detection.  The  stamp¬ 
ed  pieces  are  delivered  in  a  hardened  or  aged  state  and  also  in  a  tc  - 
pered  state.  When  the  blanks  are  delivered  in  a  hardened  or  aged  .  *  ie. 
the  thickness  (the  minimum  value  of  three  measurements )  of  the  parts 
must  not  exceed  125  mm  for  alloys  of  the  V?5  type,  15C  mm  fc:  alloys 
of  the  Du r aim  in  type,  and  20C  mm  for  alloys  of  the  AK^-l  type.  These 
dimensions  guarantee  a  high-grade  hardening.  In  the  case  of  tempered 
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blanks,  it  must:  be  taken  into  account  that  the  size  (the  length  and  the 
width  is  diminished  after  hardening  of  the  stamped  piece.  The  degree 
of  tho  shrinkage  depends  on  the  composition  of  the  alloy  and  the  shape 
of  the  blank  and  may  reach  up  to  1-2  mm  Der  running  meter.  The  finish- 
\\g  of  joints  and  fits  must  be  carried  out  after  the  heat  treatment  of 
the  piece.  The  allowances  and  tolerances  of  stamped  aluminum  pieces 
are  quoted  in  the  reference. 

References:  RTM  37-61.  Zagotovki  chtampovannyye  iz  tsvetnykh  spla- 
vov.  Dopuski  pripuski  [Blanks  Stamped  from  Nonfe^rous  Alloys.  Toleran¬ 
ces  and  Allowances],  Moscow,  1962. 

Ye.D.  Zakharov 
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[Transliterated  Symbols] 


3811  y3  =  UZ  =  ul» trazvukovyy  =  ultrasonic 

3512  PTM  -  RTM  =  rukovodyashchiye  tekhnicheskiye  materialy  = 

important  technical  materials 
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STAMPED  AND  FORGED  MAGNESIUM  PIECES  -  are  manufactured  from  the 
MAI,  MA2,  MA3,  and  MA5  (AMTU  226-43),  VM65-I  (AMTU  425-57)  and  other 
alloys  according  to  special  technical  specifications. 

Free  forging  and  hammer  stamping  is  recommended  only  for  the  more 
plastic  alloys  (MAI,  MA2,  MA8,  VM65-I,  MA13).  Stamping  by  means  of  a 
hydraulic  press  is  more  preferable]  all  magnesium  alloys  are  treatable 
by  this  method.  Forged  pieces  with  a  weight  of  up  to  400-500  kg  are 
manufactured  by  free  forging,  those  with  a  weight  of  up  to  250-300  kg 
by  stamping.  Exemplary  technological  conditions  for  stamping  of  alloys 
(a  pressed  rod  being  the  blank)  are  given  in  the  Table. 
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1}  Alloy]  2)  temperature  interval  for  stamping  (°C)]  3)  on  drop  forging 
4)  on  pressing]  5)  degree  of  deformation  after  heating  once  at  a 
shrinkage  of  {%) ;  6)  AM..]  7)  VM. . j  8)  VMD. .  . 


The  allowances  for  machining  and  the  tolerable  deviations  in  the 
dimensions  of  the  forged  and  stamped  pieces  are  fixed  by  special  tech¬ 
nological  conditions.  The  surface  of  the  forged  and  stamped  piece  oxi¬ 
dizes]  preservation  and  packing  must  be  carried  out  according  to  AMTU 
420-57-  Regarding  the  use  of  stamped  and  forged  magnesium  pieces  see 
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Magnesium  alloys. 


A.  A.  Kazakov 
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STAMPED  MOLYBDENUM  PIECES  —  see  Forged  and  stamped  molybdenum 
pieces. 
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STAMPED  MOLYBDENUM  PIECES  (stamped  from  a  sheet).  Sheet-metal 
stamping  is  one  of  the  principal  methods  used  to  obtain  objects  from 
molybdenum  and  its  alleys.  Molybdenum  is  poorly  stampable  in  cold  state 
This  is  caused  by  the  small  interval  between  6^  and  6,,  ?  (e_  — 

—  0.8-0. 9)  and  the  low  values  of  6^0  (18-22$),  6  uniform  (—9-10$)  and 
i  (20-35$). 

The  resistance  to  deformation  is  lowered,  and  the  material's  abil¬ 
ity  to  be  stamped  (the  ability  tc  be  drawn,  flanged,  bent,  pressed, 
etc. )  is  increased  when  heated  to  350-450“.  The  effect  of  the  tempera¬ 
ture  on  the  parameters  of  the  molybdenum  to  be  stamped  such  as  maximum 
drawing  coefficient  pr,  maximum  flanging  coefficient  KQtb  pr,  max¬ 

imum  coefficient  of  plane  stamping  K,/vd  or  (plosk.  ),  and  the  minimum 
bending  radius  rm;,n  are  shown  in  the  figure.  At  the  quoted  temperatures 
the  ability  of  molybdenum  sheets  to  be  stamped  is  "imilar  tc  that  of 
aluminum  alloy?  end  .  arbor,  s  teels  in  a  cold  state. 

The  following  must  be  taken  into  account  when  stamping  molybdenum 
sheets : 

1.  Molybdenum  is  more  uickly  heated  and  colled  than  steel,  owing 
to  its  high  heat  conductivity  and  low  specific  heat. 

2.  The  ampability  of  the  material  to  be  stamped  increases  with  in¬ 
creasing  deformation  rate. 

3«  Special  solid-film  lubricants  with  a  sufficient  heat-resistance 
(colloidal  a  :ueour  graphite  preparation  according  to  GOST  o)  and 

also  special  materials  for  the  manufacture  of  stamps  (aluminum  bronze, 
graphitizea  steel,  hard  cermets,  heat-resistant  steel  El  •  (: )  must  be 
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used  to  guard  against  the  adhesion  of  particles  to  the  stamped  mater¬ 
ial  on  the  stamps,  the  formation  of  ribs  and  notches  on  the  stamped 
pieces,  and  also  to  provide  antifrictional  conditions  during  complex  of 
stamping  operations  (drawing,  flanging,  etc.)* 


Effect  of  the  deformation  temperature  on  the  ability  of  Molybdenum  to 
be  stamped.  1)  2)  Koth.pr.i  3)  K^.p,..  (plosk.);  H)  rmln; 

5)  deformation  temperature,  °C. 


Sheet  molybdenum  with  a  deformed  structure  possesses  the  best 
stamping  properties  after  removal  of  the  stress.  Such  a  material  has  a 
f ine-fibriform  structure  and  may  be  better  stamped  than  totally  re¬ 
crystallized  coarse-grained  molybdenum.  The  annealing  temperature  re¬ 
commended  to  relieve  the  stress  in  molybdenum  and  sheet  alloys  is 
1000-1100°.  Not  only  the  rolled  sheets  destined  for  stamping,  but  also 
the  finished  stamped  pieces  must  be  annealed  at  the  mentioned  tempera¬ 
tures  because  residual  stress  may  cause  cracking.  The  production  of 
stamped  molybdenum  parts  offers  no  difficulty  and  may  be  carried  out 
by  the  usual  equipment  in  stamping  shops  when  the  above  mentioned  pecu¬ 
liarities  are  taken  into  account. 


Manu¬ 

script 

Page 

No. 

3916 

3816 


Yu.P.  Davydov  and  G.V.  Pokrovs  • ' 
[Transliterated  Symbols j 

BUT.sp.  =  vyt.pr.  =  vytyazhka  predel'naya  =  maximum  drawing 
OTC.np.  =  otb.pr.  =  otbortovka  predel'naya  =  maximum  flanging 
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3816  Bbin.np.  =  vyd.pr.  (ploct.  )  =  vydavleniye  predel'noye  (p3oc 

koye)  =  maximum  (plane)  stamping 

3816  MWH  =  min  =  minimum  =  minimum 


I-68v 


STAPLE  POLYAMIDE  FIBER  -  chemical  fiber  from  polyamides  in  the 
form  of  thin  untwisted  strands  of  fibers  cut  into  stacks  (staples)  of  a 
specified  length.  It  is  produced  in  the  cut  form  and  in  the  form  of 
clusters. 

Staple  polyamide  fiber  is  distinguished  by  high  wear  resistance 
(higher  than  polyester,  viscose  and  polyacrylonitrilic  fibers  by  a 
factor  of  4,  10  and  70,  respectively),  to  multiple  deformations  (by  a 
factor  of  50  higher  than  the  resistance  of  polyester  fiber),  dimension¬ 
al  stability  (as  a  result  of  reversibility  of  elongation  after  the  load 
is  removed,  and  of  low  shrinkage),  ability  to  take  a  variety  of  dyes. 

The  differences  and  similarities  between  staple  polymer  fibers  capron, 
nylon  66  and  enant  are  seen  by  comparison  of  their  properties.  Thus, 
the  specific  weight  of  capron  is  1.14  (1.14,  1.14)  (numbers  in  paren¬ 
theses  pertain  to  nylon  66  and  enant,  respectively).  The  moisture  con¬ 
tent  under  standard  conditions  is  3*5-4#  (4.0-4. 5,  2. 2-2.8),  at  95# 
relative  humidity  it  is  7* 0-8. 0  (6. 0-8.0,  2. 6-2. 8).  Softening  tempera¬ 
ture  196°  (225,  205)j  melting  temperature  216°  (250,  225).  The  specific 
heat  of  caprone  is  0. 3-0.4  cal/g- °C  (0.3-0.4,  0.4-0. 5);  the  thermal  con¬ 
ductivity  varies  from  5.4*10"”^  to  2.0*10“^  cal/cm* sec* °C  (2.2*10"“^;  -). 
Staple  polyamide  fibers  (in  comparison  with  polyester  and  polyacryluni- 
trilic  fibers)  are  characterized  by  lower  resistance  to  heat  and  light 
(particularly  capron);  are  resistant  to  the  action  of  alkalis,  oxidizers, 
reducers,  organic  acids  (with  the  exception  of  concentrated  formic  acid) 
and  micro-organisms.  Capron  and  nylon  66  are  soluble  in  mineral  acids. 

The  rupture  length  of  capron  is  36-53  km  (36-75,  39-45),  strength  losses 
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in  the  wet  state  15-20#  (12-15,  2-5);  in  the  loop  8-15#  (7-l8,  10-13). 
Ultimate  tensile  strength  36-53  kg/mm2  (47-74,  43-50). 

Comparative  Properties  of  Certain  Profiled  and  Ordinary 
Fibers 


|  3 

, 

lb 

i  t- 
!;6 

ni 

2  * 

HfWTHiK-Tfc 

Baa  a  0opm  *v*okii, 

1 

Va.  nee 

2 

1- 

ill 

53 

n  a  • 

>.  z  w 

—  z  n 

3  2  * 

|  *52 

:«?. 
r:  5  & 

liif 

(*•» 

-2 _ 

MnNomaoitiin  , 

(lipykMIO*)  11  ■  • 

!  in 

O.KT7 

!  30 

1 

1 

67o 

1  .  Ov 

npo^uapoMHHor,  .Win 

1  i.) 

I  !»»■•« 

I  ««MI| 

] 

I  "7 

<10  »yOno»)  •  12  ' C  ■ 
ayrrortflo*  .  . 

1 . 1 4 

1  ,I»2S— 1  .070 

",N|  | 

n.UdS— 
m  .  ?•  #  ft 

1  - 

- 

1  J'>0 

1 .01-1  .*9 

mr.iK  l4 

| 

(0 

3'» 

4 1 0 

oOwanoe  (Npyrjiof)  .... 

— 

| 

npn#aaapoMNiioe.  iaea.ia 

i 

4‘1 

3‘» 

( 1 0  «yOuo«)  ••••,«;• 
DlTanr.ikNoe  an.K)K«o  lp 

— 

1  — 

JS 

uo 

, 

o^'uam*  (Kpyrjx*)  .... 

— 

1  - 

npo+asapoMHanc  nycto- 

1 

30 

t 

IS 

. . 1! 

1)  Kind  and  shape  of  fiber:  2)  specific  weight;  3) 
specific  volume  (cm3/g);  4)  rupture  length  (km);  5) 
rupture  elongation  (#);  6)  strength  losses  in  the 
loop  (#);  7)  number  of  flexures  to  failure;  8)  num¬ 
ber  of  rubbings  to  failure;  9)  rigidity  (kg):  10) 
monofiber:  11)  ordinary  (round);  12)  profiled,  star 
(10  teeth);  13)  hollow;  14)  filament  rayon;  15) 
staple  fiber;  16)  profiled  hollow. 

Rupture  elongation  in  the  dry  state  4o-6C#  (16-42,  50-65),  in  the 
wet  state  50-65$  (18-45,  51-54).  Modulus  of  elasticity  from  175  to  30? 

p 

kg/nm  (150-400,  200-250).  The  degree  of  restoration  one  minute  after 
removal  of  load  88.1#  (— ,  89*0),  after  20  minutes  it  increases  to  9-. C# 
(— ,  96.0).  For  other  properties  see  Capron,  Nylen-uo,  iinant.  Staple 
polyamide  fibers  have  a  round  or  ss  section  and  smooth  surface,  whi.'h 
make  its  processing  difficult  and  which  is  conducive  to  the  creeping 
out  of  fibers  at  the  surface  of  pre ducts.  Staple  polyamide  fibers  are 
used  in  the  pure  form  but  mere  frequently  mixed  (15-25#)  with  viscose 
staple  fibers,  wool,  cotton  (to  increase  their  service  life).  The  ef¬ 
fect  of  addition  of  staple  rciyami  ie  fibers  to  other  fiber"  cn  the  wear 
resistance  is  seen  fr„m  the  figure,  ftaplo  polyamino  fibers  are  used 


for  the  production  of  filters, 


dyeing  and  washing  sacks,  packing 
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and  thermal  Insulation  materials,  felt  for  oaper  finishing  machines 
and  also  (matted  fiber)  for  consumer  goods. 


Dependence  of  the  relative  wear  resistance  of  various  yarns  on  their 
content  of  staple  polyamide  fiber.  1)  Mixture  of  viscose  with  polyamide 
staple  fibers;  2)  mixture  of  wool  and  polyamide  staple  fibers;  3)  mix¬ 
ture  of  cotton  with  polyamide  staple  fiber.  A)  Relative  wear  resistance; 
B)  content  of  polyamide  staple  fibers, 

References:  Klare,  G. ,  Khimiya  i  tekhnoiogiya  poliamidnykh  volokon 
[Tlie  Chemistry  and  Technology  of  Polyamide  Fibers],  translated  from 
German,  Moscow,  1956;  Hoppf,  G. ,  Miiller,  A.  and  Wenger,  F. ,  Poliamidy 
[Polyamides],  translated  fr can  German,  Moscow,  1958;  Moncruiff,  R.W. , 
Chemical  Fibers,  translated  from  English,  Moscow,  1961;  Fibers  from 
Synthetic  Polymers,  edited  by  R.  Hill,  translated  from  English,  Moscow, 
1957. 


E. M.  Ayzenshteyn 


I-50v 


STAPLE  VISCOSE  FIBER  -  artificial  cellulose  hydrate  fiber  from 
natural  cellulose.  It  is  produced  in  the  form  of  a  cluster  of  known 
length  or  in  the  form  of  a  bunch  which  is  subsequently  cut  into  clus¬ 
ters.  Standard,  ar.d  higher-strength,  lustrous,  mat  and  dyed  in  mass 
staple  viscose  fibers  are  produced.  The  number  of  an  elementary  stand¬ 
ard  fiber  is  1500-600,  of  higher  strength  fiber  it  is  3^^0-7000  (the 
numbers  in  parentheses  for  other  indicators  pertain  to  the  higher- 
strength  fiber),  specific  weight  (1.53),  moisture  absorption  ca¬ 

pacity  under  standard  conditions  Id.  (13.  h),  at  »  relative  humi¬ 
dity,  correspondingly  27. (33.^).  For  other  physicochemical  indica¬ 
tors  see  Viscose  Rayon. 

The  rupture  length  of  standard  staple  viscose  fiber  comprises 
15.2-20  km  (22.5-32.0);  wet  strength  loss  50-60;1  ( 35.  C-05. 0) ,  in  the 
loop  50-606f  (50-7O).  The  ultimate  tensile  strength  for  standard  fiber 
comprises  23. 1-30. *t  kg/mrf  (34-2--2.  ),  elongation  in  the  dry  state 


20. 0-25. 1%  (12-20.5),  in  the  wet  state  2:.  >29.  If  (In  V.'3.t).  The  de¬ 
gree  of  fiber  restoration  on-  minute  after  s  crop  restive  load  was  removed 


is  3^*9^  (51),  after  3 0  minutes  it 
longevity  (number  of  double  flexure 


,  re  s  p  e  c  t  i  ve  1  y , 
to  rupture  at  a 


, ,  -»  ;  f. 

load  0 


(-2.5).  The 
f  lo  kg/mm “ ) 


of  ordinary  staple  viscose  f i : e r 
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wear  resistance,  r«i,re 'tiveiy,  is 
A  higher-streng* h  staple  is 
which  is  distinguished  by  a  .mail 
elongation  and  swelling  in  wa*er; 
tude  the  initial  modulus  of  vis  : 
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under  the  action  01  moderate  loads, ihich  arise  on  its  processing.  Sta¬ 
ple  viscose  fiber  in  the  pure  form,  and  also  mixed  with  cotton  or  wool 
is  used  extensively  in  the  textile  industry  and  for  engineering  pur¬ 
poses  as  a  heat-insulating  material.  To  reduce  the  wrinkling  of  staple 
viscose  fiber  articles  they  are  treated  by  melamine formaldehide  resins, 
products  of  condensation  polymerization  of  polysaccharides  and  ketones 
with  fcrmaldehides  and  other  compounds. 

References:  Demina,  N.  V.  [et  al.  ],  "KhV,  "  No.  5,  page  40,  I960; 
Bandel',  V,  Zametki  o  novykh  metodakh  formirovaniya  viskoznykh  volokon. 
Polucheniye  volokon  s  novymi  svoystvami  [Remarks  on  New  Methods  of  Vis¬ 
cose  Fibers  Spinning.  Obtaining  Fibers  with  New  Properties].  "KhiTP, " 
No.  7,  page  56,  1961. 

G.  G.  Finger 
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STATIC  ENDURANCE  —  resistance  to  failure  under  repeated  loads  of 
moderate  frequency  and  comparatively  nigh  level.  Many  structures  loaded 
by  static  loads  are  periodically  subjected  to  overloads  which  determine 
the  service  life  of  the  structure.  An  aircraft,  whose  static  load  is 
deteimined  by  its  weight,  is  subject  to  periodic  overloads  from  wind 
gusts,  on  maneuvering,  landing,  takeoff,  etc. ;  for  a  ship  these  re¬ 
peated  overloads  are  produced  by  wave  impacts  on  the  hull;  for  an  auto¬ 
motive  vehicle  these  are  due  to  traveling  on  rough  roads,  etc.  Static 
endurance  tests  can  be  performed  on  standard  general-purpose  failure- 
testing  machines,  equipped  with  electromagnetic  devices  which  make  it 
possible  to  automatically  load  and  unload  the  specimen  in  accordance 
with  a  preselected  loading  regime,  or  on  fatigue  testing  machines 
equipped  with  reducing  devices  which  make  it  possible  to  apply  loads 
at  moderate  frequencies  (10-20  cycles/min).  Static  ensurance  is  most 
frequently  evaluated  by  testing  of  notched  specimens  by  repeated  loads 
which  are  applied  with  a  frequency  of  5-20  cycles/min.  The  stress 
level  is  selected  in  the  interval  of  0. 3-0. 7  of  the  ultimate  strength 

of  a  smooth  (sometimes  notened)  specimen.  Under  these  stresses  the 

4  5 

static  endurance  curve  usually  embraces  an  interval  up  to  5*10  -5’10v 
cycles  along  the  abscissa  axis.  At  high  stresses  (0. 7-0.8  oh)  failure 
in  static  endurance  tests  can  ensue  after  1000-2000  loading  cycles. 

Here  it  is  possible  to  see  in  the  fracture,  as  in  the  case  of  fatigue 
tests  with  a  frequency  of'  25-50  cps,  a  light  matted  zone  of  gradual 
failure  in  repeated  loads  and  a  darker  zone  of  the  additional  fracture, 
which  is  similar  in  appearance  with  brittle  fracture-due  to  a  static 
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load  (Pig.  1).  Most  extensively  used  tests  are  those  using  pulsating  or 
asymmetric  (r  =  0.1)  tension  loading  of  flat  specimens  wish  a  hole  (the 
ratio  of  the  width  of  the  specimen  to  the  diameter  of  the  hole  b/d  = 

0.5,  =  2.4).  At  each  stress  level  5-10  specimens  are  tested  to  fail¬ 

ure.  The  test  results  are  depicted  in  the  form  of  ^r.atic  endurance 
curves  in  the  (c  ,  N)  (Fig.  2a)  or  (K,  N)  (Pig.  2b)  coordinates,  where 
K  =  amax/ab  (or  amax/a5n)  is  an  indicator  characterizing  the  possibility 
of  using  the  ultimate  strength  of  the  material  in  structures  subjected 


Pig.  1.  Fracture  of  a  notched  specimen  from  30  KhGSNA  steel  (o.  =  90 
kg/mm2)  which  has  failed  in  reversed  (r  =  0. 1,  n  =  8  cycles/min)  flex¬ 
ure  after  1800  cycles  with  o  =  50  kg/mm2. 
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Fig.  2.  Static  endurance  in  asymmetric  (r  =  0. 1,  n  =  8  cycles/min)  ten¬ 
sion  loading  of  aluminum  alloys  (3  mm  thick  sheet).  1)  V95AT  (o.  =  53 
kg/mm2 ) ;  2)  Di6AT  (ob  =  46  kg/mm2).  A)  amax,  kg/mm2;  B)  °max/v 


2  4  6  8  IOIO*N 


Fig.  3.  Static  endurance  in  asymmetric  (r  =  0. 1,  n  =  5  cycles/min)  ten¬ 
sion  loading  of  steel  eye-bars.  1)  30KhGSNA  (o,  =  157  kg/mm2);  2) 
30KhGSA  (ob  =  125  kg/mm2 ) ;  3)  30KhGSNA  (o.  =  172  kg/mm2);  4)  EI643 
(oh  -  215  Kg/mm2).  A)  c>,  kg/mm2. 
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to  repeated  static  loads.  Frequently  materials  with  a  higher  ultimate 
strength  exhibit  lower  static  endurance  in  comparison  with  less  strong 
materials.  The  V95  aluminum  alloy  which  has  a  higher  static  strength 
and  at  the  beginning  has  a  higher  resistance  to  repeated  loads,  start¬ 
ing  with  some  instant  (on  Figs.  2a,  and  b  -  after  4000  cycles),  loses 
its  advantages  and  becomes  inferior,  by  its  static  endurance,  to  the 
Dl6  alloy.  The  same  can  be  observed  when  comparing  static  endurance 


j  \' 


4>  ■ 
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Fig.  4.  Static  endurance  in  repeated  asymmetric  (r  =  0. 1,  n  =  8  cycles/ 
/min)  tension  loading  of  M8  x  1,2*3  bolts  from  the  VT6  titanium  alloy. 

1)  Quenched  from  950®  and  aged  at  4c0°  (o,  =  125  kg/mm2);  2)  annealed 
at  800°  (ob  =97  kg/mm2).  A)  omax,  kg/mm2. 

curves  of  high-strength  and  medium-strength  steel,  (Fig.  3),  titanium 
alloys  of  varying  strength  (Fig.  4).  Thus,  tension  elements  with  stress 
raisers  used  in  designs  subjected  to  repeated  stresses  are  frequently 
more  desirably  made  from  materials  with  a  somewhat  lower  static 
strength,  for  example,  from  the  Dl6  rather  than  from  the  V95  alloy, 
from  SOKhGSNA  steel  ( =  160-180  kg/mm2)  and  not  EI643  (cfa  =  190-210 
kg/mm  ),  etc.  In  tension  elements  in  the  absence  of  stress  concentra¬ 
tions  as  well  as  in  elements  subjected  to  compression  and  shear,  the 
advantage  of  high  strength  is  retained  also  under  repeated  static  loads. 
The  relative  position  of  static  endurance  curves  of  various  materials 
frequently  does  not  conform  not  only  to  the  relationship  between  their 
endurance  limits,  but  to  the  position  of  the  left-hand  upper  sections 
of  the  fatigue  curves.  This  nonconformance  is  due  to  the  time  depend¬ 
ence  of  strength  under  repeated  loads,  that  is,  it  is  due  to  a  relation- 
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ship  which  for  a  long  time  has  not  been  taken  into  consideration,  since 
it  was  assumed  on  the  basis  of  tests  at  comparatively  high  frequencies 

TABLE  1 

Effect  of  the  Loading  Fre¬ 
quency  on  the  Endurance  of 
Smooth  Specimens  in  Symme¬ 
tric  Flexure 
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1)  Material;  2)  stress  ampli¬ 
tude  o  (kg/mm2 );  2)1  oa  ding  fre¬ 
quency^  (cycles/min);  number 
of  cycles  to  failure  (N);  5) 
Dl6  aluminum  alloy  (c.  =  5o 
kg/ram2);  6)  V95  eluminum  alloy 
(cb  »  54  kg /mm2);  7)  30KhGSNA 
steel  (ch  =  172  kg/mm2);  8)  30 
KhGSA  steel  ( =  120  kg/mm2). 


(from  10  to  1000  cps)  that  the  strength  in  reversed  repeated  loads  is 
independent  (or  weakly  dependent)  on  the  frequency  and,  consequently, 
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on  the  time  during  which  the  load  acts  (see  Fatigue).  Investigations 
showed  that  when  using  frequencies  lower  by  an  order  of  2-3  it  is  no 
longer  possible  to  disregard  the  time  dependence  of  strength  in  repeated 
loads.  The  time  dependence  of  the  static  endurance  manifests  itself 
differently  for  different  materials  (Table  1).  It  manifests  itself  the 
more  strongly  the  higher  the  stress  concentration,  the  higher  the  test 
temperature  and  the  higher  the  level  of  prevailing  stresses.  According 
to  certain  data,  a  straight-line  depence  prevails  between  the  number  of 
cycles  to  failure  N  and  the  frequency  n,  plotted  in  the  (IgN,  lgn)  co¬ 
ordinates. 

The  static  endurance  of  a  given  material  depends  on  its  structure, 
the  process  by  which  the  semifinished  products  are  manufactured  and  the 
surface  finish.  The  coarser  the  grain,  the  lower  the  static  endurance 
(Fig.  5)^  although  the  static  strength  does  not  change  much  here.  Steel 
in  the  state  of  temper  brittleness  has  a  lower  static  endurance  than 
the  same  steel  which  was  rapidly  cooled  after  high  tempering  (Fig.  6). 
The  ultimate  limits  being  equal,  high-strength  steel  with  a  lower  car¬ 
bon  content  will  have  an  advantage  (Table  2).  Pressed  semifinished  pro¬ 
ducts  from  aluminum  alloys  which  exhibit  the  press-effect  phenomenon 
(see  Press  Effect  of  Aluminum  Alloys),  have  a  higher  static  endurance 


Fig.  5«  Static  endurance  (r  =  0. 1,  n  =  6  cycles/min)  of  the  VT 5  titani¬ 
um  alloy  worked  to  produce  coarse  (1)  and  fine  (2)  grain.  (The  ratio  of 
the  average  grain  diameters  Is  3:1,  the  ultimate  strengths,  respective¬ 
ly,  are  92  and  99  kg/mm2).  A)  omax,  kg/mm2. 
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than  rolled  articles.  Surface  workhardening  improves  the  static  endur¬ 
ance  of  steels  and  nonferrous  alloys  (Figs.  7  and  8).  A  soft  cladding 


Fig.  6.  Static  endurance  in  asymmetric  (r  =  0. 1,  n  =  8  cycles/min)  ten¬ 
sion  loading  of  manganese  steel  after  rapid  (a^  =  80  kg/mm2)  and  slow 
( crb  =  83  kg/mm2)  cooling  from  the  tempering  temperature.  1)  Cooling  in 
water;  2)  furnace  cooling.  A)  cmov,  kg/ram2;  B)  appearance  of  a  crack; 

C)  final  failure.  max 


Fig.  7.  Effect  of  the  surface  finish  on  the  static  endurance  in  tendon 
(r  =  0. 1,  n  =  8  cycles/min)  of  3OIQ1GSNA  steel  (05  =  160  kg/mm2).  l) 

Shot  peening;  2)  sand  blasting;  3)  polishing;  4)  decarburization.  A) 

"max'  “e/™2- 


Fig.  8.  Effect  of  the  surface  finish  on  the  static  endurance  in  tension 
(r  =  0. 1.  n  =  10  cycles/min )  of  smooth  specimens  of  the  VT3-1  titanium 
alloy.  1)  Starting  state;  2)  shot  peening.  A)  0  ,  kg /mm2. 
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Fig.  9.  Static  endurance  in  tension  (n  =  20  cycles/min,  c  .  =2  kg/ranT) 
of  sheets  from  the  D16AT  alloy.  1)  Sheet  with  the  coating^Syer  removed; 
2)  sheet  with  the  coating  layer.  A)  omo  .  kg/mm2. 
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layer  of  pure  aluminum  reduces  the  static  endurance  of  aluminum  sheets 
(Pig.  9),  thick  (10-20  microns)  electric  deposition  films  also  have  a 
negative  effect  (Pig.  10).  Zinc  coating  reduces  the  static  endurance  of 
structural  steelj  cadmium  and  phosphate  coatings  practically  do  not  ef¬ 
fect  it  (Table  3).  Surface  flaws  reduce  the  static  endurance  of  high- 
strength  materials.  Hence  special  requirements  to  the  surface  finish, 

TABLE  2 

Effect  oi  the  Carbon  Content 
•  of  30KhGSNA  Steel  on  the  Ser¬ 
vice  Life  Under  Repeated 
Loads* 
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*  Flat  specimens  with  a  hole 
with  b/d  -  5  were  tested. 

1)  (kg/mra2);  2)  cmax  (kg/mm2); 

3)  number  of  cycles  to  failure 

(N). 


such  as  absence  of  notches,  scratches,  dents,  etc.,  are  presented  to 
these  materials  in  structures  subjected  to  repeated  static  loads  in 
service. 


TABLE  3 


Effect  of  Electroplating  ani  Phosphate 
Coating  on  the  . catic  Endurance  in 
Tension  cf  Notched  (ak  =  2.4)  Specimens 
of  Isothermally  M,uencned  30KhGSNA  Steel 
(ob  =  160  kg/mm2)* 
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to  failure  N  after:;  3)  finish  turning; 
4j  cyanide-zinc  method;  5)  cyanide-zinc 
method  and  tempering  at  200°;  6)  acid 
[sulfate]  zinc  plating;  7)  cadmium  plat¬ 
ing;  8)  cold  phosphate  plating. 


The  presence  of  stress  raisers  perceptibly  reduces  the  static  en¬ 


durance,  it  is  here  found  that  high-strength  materials  are  particularly 
sensitive  to  notching  (Fig.  11).  For  this  reason  the  shape  of  a  struc- 


Fig.  10.  Static  endurance  in  alternating  (r  =  0,  n  =  10  cycles/min)  ten¬ 
sion  of  the  V95  alloy  with  various  thicknesses  of  the  electroplated 
film  (2  mm  thick  sheet).  1)  Polished  specimens;  2)  specimens  with  a  5-7 
micron  film;  3)  specimens  with  a  10-12  micron  film;  4)  specimens  with  an 
18-20  microns  film.  A)  c  ,  kg/mm2. 
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Fig.  11.  Notch  sensitivity  in  asymmetric  (r  =  0. 1,  n  =  10  cycles/min) 
tension  loading  of  round  specimens  without  and  with  notches  (air  =  2.2). 
1)  The  V95T  alloy;  2)  the  Dl6T  alioy.  A)  o_ov.,  kg/mm2;  B)  smooth; 

C)  notched.  max 


Fig.  12.  Static  endurance  in  multiple  flexure  (r  =  0. 1,  n  =  S  cycles/ 
/min)  of  flat  specimens  from  30KhGSNA  steel  (ok  =  150  kg/mm2).  1)  Weld¬ 
ed  specimens  with  the  reinforcement  removed.  2)  welded  specimens  with 
reinforcement;  3)  notched  specimens  (ak  =  2.3)  on  the  tensioned  side. 

I  cmax  izg^°b* 
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tural  element  frequently  predetermines  the  feasibility  of  using  materi¬ 
als  with  a  high  ultimate  strength.  In  welded  designs  ,he  stresses  are 


T“1 


Pig.  13.  Effect  of  the  absolute  size  of  geometrically  similar  notched 
fajj  =  2.2)  specimens  on  the  strength  when  N  =  2400  cycles  in  asymmetric 
(r  =  0. 1,  n  *  5  cycles/min)  tension  loading  of  pressed  alloys  Dl6T  (05 
=  54  kg/nm2)  and  V95T  (oh  =  64  kg/mm2).  1)  The  DluT  alloy;  2)  the  V95T 
alloy.  A)  kg/ran2;  8)  specimen  diameter,  mm. 


concentrated  at  the  welded  seam  reinforcement,  removal  of  the  reinforce¬ 
ment  improves  the  static  endurance  (Fig.  12).  Static  endurance  depends 
on  the  dimensions  of  the  specimen  or  component,  decreasing  as  the  lat¬ 
ter  increase.  The  Scale  Effect  becomes  amplified  a:  the  ultimate 
strength  of  the  material  increases  (Fig.  13).  As  all  the  other  factors, 
the  scale  has  a  substantially  greater  effect  on  the  service  life  than 


Fig.  14.  Comparison  of  curves  of  static  endurance  (1)  and  creep 
strength  (2)  in  tension  loading  of  specimens  with  a  hole  =  2.4) 
from  the  D16AT  alloy  (sheet  thickness  3  mm,  Ou  =  46  kg/mm2).  a)  Test 
temperature  125°;  b)  test  tempo rarure  20C°.  A)  a  ,  kg/mm2;  B)  time 
in  hours.  “iax 


on  the  strength  in  static  endurance  tests.  A  reduction,  for  example,  of 
the  diameter  of  a  smooth  specim-n  from  the  V.o  alloy  from  25  to  5  mm  in¬ 
creases  the  strength  by  15-20:£  and  the  service  life  by  202-3 00:56.  As  the 
temperature  becomes  higher  the  static  endurance  decreases;  however,  to 
a  lesser  extent  that  the  strength  und*c:r  a  continuously  applied  load,  so 
that,  starting  with  a  certain  temperature,  which  is  different-  for  dif- 


ferent  materials,  the  creep  strength  can  become  lower  than  the  strength 
under  repeated  loads  (Fig.  14a  and  b).  The  relationship  between  static 


Fig.  15.  Effect  of  the  test  temperature  on  the  static  endurance  in 
asymmetric  (r  *  0. 1,  n  =  10  cycles/min)  tension  loading  of  the  V95AT 
alloy  (sheet  thickness  3  mm,  =  53  kg/mm2).  1)  a  ,  kg/mm2. 


Fig.  16.  Effect  of  the  test  temperature  on  the  static  endurance  in 
asymmetric  (r  =  0. 1,  n  =  10  cycles/min)  tension  loading  of  the  D16AT 
alloy  (sheet  thickness  3  mm,  =  46  kg/mm2).  1)  0  ,  kg/mm2. 


endurance  and  the  static  creep  strength  as  a  function  of  temperature  or 
time  is  determined  by  both  the  loading  conditions  (presence  of  stress 
raisers,  kind  of  stressed  state,  degree  of  asymmetry  of  the  cycle,  and 
the  properties  of  the  material.  The  static  endurance  of  the  Dl6  alloy 


Fig.  I?.  Static  endurance  in  asymmetric  (r  *  0.1,  n  *  10  cycles/min) 
tension  at  6 50°  of  smooth  (1)  and  notched  (2)  specimens  of  ZhSb  and 
EI617  heat-resistant  alloys.  A)  c  ,  kg/m m2;  B)  ZhSt;  C)  EIbl7;  D) 
time  in  hours. 
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in  the  presence  of  stress  concentrations  changes  less  upon  an  increase 
in  the  temperature  than  that  of  Vjj  (Figs,  llj  and  1C).  The  static  en¬ 
durance  of  heat-resistant  alloys  at  high  temperatures  can  drop  appreci¬ 
ably  in  the  presence  of  a  notch  (Fig.  17).  The  static  endurance  of  butt 


Fig.  18.  Static  endurance  in  asymmetric  (r  =  0. 1,  n  =  c  cycles/nin)  ten 
sion  of  welded  specimens  from  the  VTt-l  titanium  alloy  (1.2  mm  thick 
sheet).  1)  Jest  temperature  of  20°;  2)  test  temperature  of  350°.  A) 


max' 


kg/mm 


2. 


Fig.  19.  Static  endurance  in  asymmetric  (r  =0.1,  n  =  ?  cycles/min)  ten 
sicn  of  M12  x  1.  5  bolts  from  the  VTi  titanium  alloy.  1)  Test  tempera¬ 
ture  of  20°;  2)  test  temperature  of  3>0°.  A)  c  ,  kg/mm2. 


welded  titanium  alloys  0T-  and  VT  -1  in  tension  is  reduced,  when  the 
temperature  is  increased  to  3>'°»  by  approximately  2C;t  (rig.  lc);  bolts 
from  titanium  alloys  exhibit  an  appreciably  greater  (by 
strength  reduction  under  the  came  con  iiti  wnen  subj-„  .  ted  to  repeated 
static  loads  (Fig.  1>).  The  surface  wcrkharin«ss ,  wi.i  ch  has  a  favorable 
effect  at  room  and  moderately  elevated  temperatures,  can  be  found  to 
have  a  negative  influence  at  high  temperatures. 

References:  Marin,  ‘hi.,  "Tekhnika  vocdu.'hnovo  flota"  [’’Airline 
Technology],  Nc.  t ,  page  1,  Katner,  S.  I. ,  R  crusheniye  pri  pov- 

tornykh  nagruckakh  [Failure  Under  Repeated  Leads],  Moscow,  1  gw. 

2. 1.  Kishkina-Ratner 
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STATISTICAL  THEORY  OF  STRUIOTH  -  the  results  of  studying  various 
problems  of  deformation  and  fracture  on  the  basis  of  the  concepts  and 
methods  of  mathematical  and  physical  statistics,  taking  into  account 
the  nonunif orroity  of  these  processes.  In  this  case  the  determinate  re¬ 
sistance  (fully  defined  in  magnitude  and  direction)  of  a  body  is  re¬ 
placed  by  the  concept  of  random  values  for  mechanical  characterist ics 
as  a  result  of  the  compositional  and  structural  nonuniformity  of  all 
real  solids.  Measured  mechanical  characteristics  consequently  display 
j  fundamentally  unavoidable  scattering,  which  is  quite  considerable  in 
many  cases  (see  Scattering  of  mechanical  characteristics). 

According  to  the  statistical  theory  of  strength,  it  is  impossible 
to  make  a  precise  evaluation  of  the  useful  life  or  strength  of  an  in¬ 
dividual  specimen  or  component;  one  can  only  determine  the  probability 
of  fracture  under  a  given  load.  This  theory  infers  relationships  gov¬ 
erning  the  mean  value  and  distribution  function  of  microscopic  str»’ngt 
and  certain  ether  mechanical  characteristics,  proceeding  from  consider 
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processes  of  deformation  and  fracture,  which  would  be  both  virtually 
impossible  (since  real  bodies  c  ncain  many  thousands  of  grains)  and 
Inexpedient  (since  the  behavior  of  a  large  number  of  Individual  grains 
is  so  similar  that  there  is  no  need  to  suppose  that  there  are  fundamen¬ 
tal  differences  between  them).  The  statistical  theory  of  strength  stud¬ 
ies  these  mechanisms  in  a  statistical  manner,  determining  the  distribu¬ 
tion  of  characteristics  and  stresses  over  the  grains]  equal  macroscopic 
characteristics  may  correspond  to  different  microscopic-characteristic 
distribution  curves. 

The  first  statistical  theories  of  strength  were  based  on  the  as¬ 
sumption  that  the  strength  of  a  specimen  is  governed  by  that  of  its 
weakest  element  or,  in  other  words,  the  most  dangerous  nonuniformity 
(fracture  occurring,  along  the  "weakest  link"). 

According  to  this  theory,  the  Scale  effect  results  from  an  in¬ 
crease  in  the  probability  that  extremely  dai.gerous  defects  v.’lll  appear 
conjoined  with  an  increase  in  absolute  size.  However,  this  effect  also 
depends  on  other  fac  s  (see  Reserve  elastic  energy),  as  well  as  on 
differences  in  production  tech no? ogy  and  structure  in  large  and  small 
specimens  (see  Mechanical  similarity).  It  was  subsequently  proposed 
that  fracture  along  the  "weakest  link"  be  generalized  to  fracture  along 
a  "critical  link"  in  order  to  conform  more  closely  to  the  behavior  of 
polycrystalline  materials. 

The  statistical  theory  of  strength  makes  it  possible  to  compute 
the  macroscopic  modulus  of  elasticity  of  a  polycrystal  if  one  knows  the 
elasticity  constants  of  the  corresponding  monocrystal  and  the  orienta¬ 
tion  distribution  of  the  various  grains.  This  theory  can  also  be  em¬ 
ployed  for  selecting  a  "tolerance"  in  determinations  of  elastic  limit 
and  yield  strength. 

In  S.D.  Volkov's  statistical  theory  of  strength  the  conditions  for 

3836 


III-115S2 

macroscopic  fracture  (the  transition  from  microcracking  to  macrocracking) 
are  governed  by  the  permissible  number  of  microcracks.  The  average 
stress  only  determines  the  instant  at  which  the  relative  number  of 
cracks  (microcrack  density)  reaches  the  critical  value  characteristic 
of  the  material  in  question. 

In  the  case  of  fatigue  fracture  the  statistical  theory  of  strength 
is  employed  to  evaluate  the  durability  of  nonuniformly  fractured  mat¬ 
erials  and  to  explain  the  observed  distribution  function  of  fatigue 
life. 

References :  Kontorova,  T.A. ,  Frenkel',  Ya.I.,  Zhurnal  tekhnich. 
fizikl  [Journal  of  Technical  Physics],  1941,  Vol.  11,  No.  3»  page  173> 
Afanas'yev,  N.N. ,  Statisticheskaya  teoriya  ustalostnoy  prochnosti  me- 
tallov  [Statistical  Theory  of  the  Fatigue  Strength  of  Metals],  Kiev, 

1953;  Volkov,  S.D, ,  Statisticheskaya  teoriya  prochnosti  [Statistical 
Theory  of  Strength],  Moscow-Sverdlovsk,  I960;  Strunin,  B.M. ,  FMiM, 

1962,  Vol.  13,  No.  1,  page  33;  Freidenthal,  A.,  Gumbel,  E. ,  in  collec¬ 
tion:  Problemy  mckhaniki  [Problems  of  Mechanics],  translated  from  En¬ 
glish,  No.  2,  Moscow,  1959,  page  l6l;  Weibull,  W, ,  Ingenioersvetenskapsa 
kad.  handl.  [Transactions  of  the  Science  and  Engineering  Academy],  1959, 
No.  151. 

Ya.B.  Fridman 
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STEEL  —  an  iron-carbon  alloy  with  metallurgical  Impurities  of  man¬ 
ganese,  silicon,  sulfur,  and  phosphorous.  Ordinary,  so-called  carbon 
steel  contains  0.05-1.5$  C,  0.1-l$Mn,  up  to  0.4$  Si,  up  to  0.08$  S, 
and  up  to  0.1$  P.  When  the  impurity  content  is  high  or  when  other  spe¬ 
cial  impurities  are  added  the  steel  is  called  alloy  steel.  Steel  can  be 
manufactured  from  pig  iron  by  partial  removal  of  its  carbon  by  oxida¬ 
tion;  this  method  is  widely  employed  in  contemporary  metallurgy.  An¬ 
other  possible  technique  for  production  of  steel  consists  in  reduction 
of  iron  ore  to  iron  and  addition  of  the  requisite  quantity  of  carbon 
and  other  impurities.  Steel  can  be  obtained  in  the  liquid,  semiliquid, 
and  solid  states. 

The  oldest  method  for  producing  steel  in  the  liquid  state  is  the 
crucible  process,  which  involves  melting  of  small  pieces  of  pure  soft 
steel  and  pure  pig  iron  in  small  refractory  (graphite  or  firebrick) 
crucibles  with  a  capacity  of  20-45  kg.  The  advantage  of  the  crucible 
process,  which  reached  the  peak  of  its  development  at  the  beginning  of 
the  19th  century  (now  having  been  almost  completely  displaced  by  elec¬ 
trosmelting),  is  that  Is  permits  production  of  high-quality  steel;  its 
principal  drawbacks  are  its  high  cost  and  cumbersomeness. 

In  converter  processes  steel  is  produced  in  converters  with  cap¬ 
acities  of  from  0.5  to  60-100  t  by  oxidation  of  molten  pig  iron  with 
oxygen  supplied  by  compressed  air  (ordinary  atmospheric  air  or  oxygen- 
enriched  air)  forced  into  the  metal  through  an  opening  in  the  bottom 
or  wall  of  the  converter  or  through  a  nozzle  insert  *d  through  the  lid 
of  a  deep-bottomed  converter.  The  converter  lining  can  be  acidic  (Dinas 
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brick),  in  which  case  the  so-called  Bessemer  process  takes  place,  or 
basic  (dolomite  brick),  in  wnich  case  the  so-called  Thomas  process  oc¬ 
curs. 

At  present  the  principal  manufacturing  method,  accounting  for  more 
than  80#  of  the  steel  smelted  throughout  the  entire  world,  is  the  open- 
hearth  process,  which  consists  in  production  of  cast  steel  by  melting 
a  charge  containing  pig  iron  and  steel  scrap  in  open-hearth  furnaces 
with  an  acidic  or  basic  lining.  Both  ordinary  and  high-quality  open- 
hearth  steels  are  produced  in  furnaces  of  widely  varying  tonnage  (from 
1  to  500  t). 

Smelting  of  steel  in  electric  furnaces  has  developed  rapidly  since 
the  end  of  the  19th  century.  At  present  7#  of  the  total  world  steel  out¬ 
put  is  produced  in  electric  arc  or  induction  furnaces.  Induction  fur¬ 
naces  adapted  for  vacuum  smelting  are  of  special  Importance. 

When  certain  special  technical  and  economic  conditions  obtain  it 
is  expedient  to  utilize  combined  steel-smelting  processes,  which  are 
conducted  sequentially  in  several  units:  a)  duplex  processes:  Bessemer- 
Thonas,  Bessemer  —  open-hearth,  Thomas  —  open-hearth,  two  basic  open- 
hearth  furnaces,  a  basic  open-hearth  furnace  and  an  acidic  open-hearth 
furnace,  or  an  open-hearth  furnace  and  an  electric  furnace;  b)  triplex 
process:  converter  —  open-hearth  furnace,  electric  furnace. 

The  rest  important  duplex  process  Involves  a  converter  (Bessemer 
or  Thomas)  and  a  basic  open-hearth  furnace,  combining  the  high  produc¬ 
tivity  of  converter  processes  with  the  high  quality  of  open-hearth 
steel. 

Production  of  solid  3teel  (or,  more  precisely,  iron)  by  reduction 
of  Iron  ore  at  750-1050°  is  employed  on  a  small  scale;  sponge  iron, 
which  is  a  very  pure  intenredlate  product,  serves  as  the  initial  mater¬ 
ial  for  smelting  high-quality  steel  In  open-hearth  or  electric  furnaces. 


3839 


III-93s2 


The  principal  component  of  steel  is  iron  and  the  atoms  of  other 
elements  are  consequently  oriented  along  its  crystal  lattice.  Steel 
displays  the  polymorphism  inherent  in  iron,  a  phenomenon  characterized 
by  changes  in  lattice  structure  on  heating  or  cooling.  Pure  iron  is 
known  to  have  a  cubic  body-centered  crystal  lattice,  so-called  a-iron 
(<5-lron  at  high  temperatures),  and  a  cubic  face-centered  lattice,  so- 
called  7-iron.  The  temperature  of  the  transition  from  one  iron  lattice 
to  the  other  (910°  and  1390°)  is  called  the  critical  point.  Impurities 
(primarily  carbon)  have  the  effect  of  shifting  the  critical  point  along 
the  temperature  scale,  its  position  depending  on  the  chemical  composi¬ 
tion  of  the  alloy.  The  critical  points  of  steel  were  discovered  by  the 
Russian  scientist  D.K.  Chernov,  who  developed  the  principles  of  modern 
metallography. 

The  principal  Impurity  in  steel,  which  is  responsible  for  all  its 
valuable  characteristics,  is  carbon.  The  interaction  of  carbon  with 
a-  or  7-Iron  leads  to  formation  of  interstitial  solid  solutions  by  in¬ 
sertion  of  carbon  atoms  Into  the  free  areas  of  the  crystal  lattice. 
Carbon  has  a  very  low  solubility  in  the  body-centered  a-Fe  lattice 
(less  than  0.008$  at  room  temperature);  this  solution  is  called  fer¬ 
rite.  The  carbon  of  steel  is  very  soluble  in  the  face-centered  high- 
temperature  y-Fe  lattice  (having  a  maximum  solubility  in  y-Fe  of  2$), 
forming  a  solution  called  austenite.  Since  the  carbon  content  of  com¬ 
mercial  steels  exceeds  its  solubility  in  a-Fe,  the  excess  carbon  atoms 
not  Included  in  the  ferrite  form  a  chemical  compound,  iron  carbide 
(Fe^C)  or  Cementlte,  with  the  iron  atoms. 

Thus,  the  structure  of  steel  at  room  temperature  consists  of  fer¬ 
rite  and  cementlte  particles,  which  are  present  either  in  the  form  of 
separate  inclusions  (so-called  structurally  free  ferrite  or  cementlte) 
or  in  the  form  of  a  fine  mechanieaL mixture,  which  is  called  perlite. 
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The  phase  diagram  of  iron-carbon  alloys  gives  general  information 
on  the  temperature  and  concentration  limits  of  the  different  phases 
(ferrite,  cementlte,  perlite,  and  austenite). 

The  quantity  of  ferrite,  cementlte,  and  perlite  in  the  structure 
of  steel  depends  chiefly  on  its  carbon  content;  the  different  proper¬ 
ties  of  these  phases  govern  the  diverse  characteristics  of  steels. 

The  properties  of  steel  can  be  varied  within  wide  limits  by  heat 
treatment,  which  is  an  aggregate  of  heating  and  cooling  operations  re¬ 
sulting  in  changes  in  the  structure  and  thus  the  characteristics  of 
the  alloy;  the  principal  types  of  heat  treatment  are  annealing,  normal¬ 
ization,  quenching,  and  tempering. 

Exceptionally  diverse  characteristics  can  be  achieved  in  steel  by 
adding  different  alloying  elements:  Mn  (more  than  l.G$),  Si  (more  than 
0.4$),  Cr,  Ni,  Mo,  W,  V,  Ti,  Nb,  Co,  Cu,  B,  etc.  Atoms  of  these  alloy¬ 
ing  elements  enter  the  crystal  lattice  of  the  ferrite  or  austenite  and 
alter  its  characteristics  in  conformity  with  the  natural  properties  of 
the  elements  added.  Moreover,  formation  of  solid  solutions  and  cherric&l 
compounds  between  the  Iron  (the  base  of  steel)  or  the  carbon  (the  prin¬ 
cipal  Impurity  in  steel)  and  the  alloying  elements  also  alters  the  char¬ 
acteristics  of  the  steel;  these  compounds  may  be  hard,  strong,  chemical¬ 
ly  stable,  hot-strong,  etc.,  and  the  properties  of  steel  containing 
them  are  accordingly  altered.  See  also  the  articles  on  stainless  ste»  *3 
and  spring  steels,  the  group  of  articles  on  structural  steels,  etc. 

References ;  Metallovedeni/e  1  tennicheskaya  obrabotka  stall  [Me  - 
talworklng  and  Heat  Treatment  of  Steel],  handbook,  2nd  Edition,  Yoi.  1, 
Moscow,  1961 ;  Gudremon,  E. ,  Spetsial *nyye  stall  [Special  Steels],  trans¬ 
lated  from  German,  Vol.  2,  Moscow,  I960;  Mesfcin,  V.  S. ,  Osncvy  legircvan- 
iya  stall  [Principles  of  the  Alloying  of  Steel],  Moscow,  1959;  Chalmers, 


B. ,  Pizlcheskoye  metallovedeniye  [Physical  Metallography],  translated 
from  English,  Moscow,  1963. 


M.L.  Bernshteyn 


I-13K 


STEEL  CARBIDE  —  is  the  chemical  composition  of  the  elements,  pre¬ 
sent  in  steel,  with  carbon.  The  formation  of  carbides  occurs,  as  a 
rule,  not  following  the  valency  rule;  the  carbides  have  a  special  lat¬ 
tice  structure,  on  base  of  which,  in  turn,  limited  solid  solutions  are 
formed.  In  addition  to  iron  which  forms  the  carbide  Fe^C,  the  cementite, 
many  other  elements  of  the  IV-VIII  groups  of  the  IV,  V,  and  VI  periods 
form  so-called  special  carbides.  Manganese  carbide,  Mn^C,  has  the  same 
orthorhombic  space  lattice  as  cementite,  the  chromium  carbides  C r^C^ 
and  Cr.^Cfr  also  have  a  constant  ratio  of  metal  and  carbon  atoms.  Most 
of  the  carbide-forcing  elements  (vanadium,  titanium,  molybdenum,  tungs¬ 
ten,  hafnium,  etc.),  whose  ratio  of  the  carbon  atom  radius  to  the  atom 
radius  of  the  element  is  lower  than  (or  equal  to)  0. 59,  form  inter¬ 
stitial  phases.  Typical  interstitial  phase  are  the  carbides  VC;  TiC; 

NbC;  ZrC;  TaC;  WC;  MOgC,  and  others.  Most  of  the  carbides  have  a  high 
hardness  (more  than  8  on  the  Mohs  scale),  which  is  explained  by  the 
presence  of  double  bonds  and  bonds  of  different  nature  between  the  me¬ 
tal  atoms  themselves  and  between  the  metal  and  carbon  atoms. 
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STEEL  PIPES  -  are  made  from  carbon,  alloy  and  high-alloy  steels 
and  from  almost  300  brands  of  iron  alloy  with  standard  (GOST s  380-60, 
1050-60,  4543-61,  5058-57  and  partially  801-60,  5632-61)  and  nonstand¬ 
ard  chemical  composition;  the  composition  of  the  latter  is  established 
by  special  technical  specifications.  Steel  pipes  are  made  seamless, 
electrically  welded,  welded,  soldered,  laminated  (bimetallic),  cast, 
etc.  Steel  pipes  are  used  extensively  in  all  fields  of  the  national 
economy. 

M.  L.  Bernshteyn 
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STEEL  SHEET  is  divided  into  3  basic  groups:  thick  sheet,  thin 
sheet,  wide  strip.  The  thick  sheet  includes  rolled  stock  of  thickness 
4-160  mm,  width  600-5000  mm  and  length  2-12  mm;  in  exceptional  cases 
the  length  reaches  18-20  m. 

The  4-6  mm  thick  steel  sheet  is  delivered  with  intervals  of  0.5  nan 
6-30  mm  with  Intervals  of  1  mm,  30-60  mm  with  intervals  of  2  mm,  over 
60  mm  with  intervals  of  2-5  mm.  With  regard  to  application,  the  steel 
sheet  in  the  form  of  thick  sheets  is  divided  into  the  following  basic 
groups:  boiler-furnace  steel  (see  Boiler  Steel),  steel  for  auto  and 
tractor  construction,  aircraft  steel,  shipbuilding  steel,  bridge  con¬ 
struction  steel,  armor  steel,  special  usage  steel,  ordinary  carbon  and 
high-quality  constructional  steel  (see  Case-Hardening  Constructional 
Steel).  The  technology  for  the  rolling  of  thick  steel  sheet  is  deter¬ 
mined  by  the  chemical  composition  and  the  technological  characteristics 
and  requirements  made  on  the  properties  and  the  dimensions.  Depending 
on  these  requirements,  there  is  established  the  heating  regime  of  the 
metal  prior  to  rolling,  the  magnitude  and  number  of  reuuctlons,  the 
sheet  cooling  conditions  and  the  heat  treatment  conditions. 

The  thin  sheet  includes  rolled  stock  of  thickness  from  0.2  to  3-75 
mm  and  width  from  600  to  2200  mm.  Rolled  stock  of  width  less  than  600 
mm  wound  Into  rolls  Is  classified  as  strip.  With  regard  to  application, 
the  steel  in  the  form  of  thin  sheet  Is  divided  into  the  following  basic 
groups:  constructional  steel,  decorative  steel,  roofing  iron,  transform 
er  steel.  The  most  advanced  method  of  rolling  thin  steel  sheet  is  the 
reel  rolling  method. 
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Wide  strips  are  rolled  on  special  mills  In  which  t.he  stands  have 
vertical  rolls  for  working  the  side  edges,  strips  are  produced  In 
thickness  from  4  to  50  mm,  width  200-1050  mm  and  length  5-13  m.  The 
wide  strip  has  a  finished  side  edge  after  rolling,  while  the  thick  and 
thin  sheets  are  edged  after  shearing.  There  are  GOST  for  all  the  varie¬ 
ties  of  steel  sheet  which  establish  the  required  technical  specifica¬ 
tions  (sizes,  mechanical  properties,  surface,  processing  samples,  etc.). 
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STEEL  WIRE.  Depending  on  its  purpose,  wire  is  manufactured  from 
various  types  of  steel  in  diameters  (thicknesses)  of  from  C.005  to  16 
mm.  Steel  wire  is  classified  (GOST  2333—57 )  according  to  cross-section¬ 
al  shape  (in  addition  to  the  shapes  shown  in  the  table,  certain  types 
of  wire  may  be  oval,  segmental,  trapezoidal,  Z-shaped,  etc.  in  cross 
section),  size,  chemical  composition,  final  heat  treatment  (as  deliver¬ 
ed),  mechanical  characteristics,  type  of  surface,  type  of  plastic  de 
formation,  and  application.  The  table  shows  the  classification  of  steel 
wire. 


M.L.  Bernshteyr. 
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Notes.  1)  A  plus  sign  (  +  )  indicates  that  wire  Indented  for  the  applica¬ 
tion  in  question  has  the  classif lcational  characteristics  of  the  group 
in  question. 

2)  Simple  coatings  include  brass-,  cadmium-,  bronze-,  and  tin-plating, 
enameling,  painting,  etc. 

3)  in  accordance  with  standards  or  by  arrangement,  the  wire  can  be 
coated  with  a  neutral  anticorrosion  grease  that  does  not  cause  the 
turns  of  the  coil  to  stick  to  one  another. 


1)  Application;  2)  classif lcational  characteristics  of  wire;  3)  cross- 
sectional  shape;  4)  round;  5)  flat;  6)  square;  7)  rectangular;  8)  size 
(mm);  9)  especially  thick;  10)  thick;  11)  medium;  12)  thin;  13)  very 

lM  extremelv  thin;  15)  mechanical  characteristics,  (kg/mm*); 


thin;  14)  extremely  ______ 

16)  low  strength;  17)  reduced  strength;  l3)  normal  strength?  j.9)  eleva¬ 
ted  strength;  20)  high  strength;  21)  type  of  surface;  22)"  bright;  23) 
oxidized;  24)  black;  25)  coating;  2o)  zinc-plated;  27)  tinned;  28) 
per-plated ;  29)  simple  coatings;  30)  type  of  plastic  deformation;  3 
cold-drawn  or  cold-rolled;  32)  hot-drawn  or  hot-rolled;  33)  general- 
purpose;  34)  welding  and  filler;  35)  power-line;  36)  soldering  and  lig¬ 
ature;  37)  splint;  38)  screen;  39)  nail  and  chain;  4C)  polygraphic;  4i) 
-astener ;  42)  bole  and  screw;  43)  steel-aluminum  leads;  44)  cable;  45) 
armored  cable;  46)  banding;  47)  multiconductor  iron  leads;  48)  slale: 


cop- 

1) 


heald; 
spoke ; 


51)  comb;  52)  needle;  53)  garnet;  54)  peg;  55) 
.57)  semaphore;  58)  various  types  of  spring  wire; 
sprang  washers;  Ov musical-instrument  strings;  6l)  shoe  screws; 
laminated;  63)  watch;  o4 )  automatic  equipment;  65)  ball-bearing; 
tool;  67)  low-carbon  wire  for  reinforced-concrete  structures;  bb) 
carbon  wire  for  prestressed  reinforced  concrete  structures;  60)  corro¬ 
sion-resistant  products;  70)  heating  elements  and  resistors. 


STELLITE  —  a  hard  alloy  based  on  nlo-Kcl  (cobalt,  iron)  and  used 
for  casting  machine,  machine-tool,  and  instrument  components  in  order 
to  increase  their  wear  resistance.  The  distinguishing  feature  of  stel¬ 
lite  is  its  lack  of  allotropic  transformations;  it  is  not  forgible  an 
cannot  be  cut  in  the  usual  manner.  It  is  employed  in  the  cast  or  de¬ 
posited  form  without  heat  treatment.  It  is  produced  in  cast  sheets  "~t 
subsequent  soldering,  finish  castings,  and  cast  welding  bars  with  d  - 
=  3-8  mm.  Tables  1-3  show  the  chemical  composition  of  this  alloy. 

Types  VKhNl,  V3K,  and  V2K  stellite  are  produced  by  metallurgical  plants 
in  the  form  of  welding  bars  satisfying  the  technical  specifications 
set  by  AMTU  291-57*  Other  types  of  stellite  are  generally  produced  to 
the  customer's  requirements.  In  most  cases  only  the  hardness  of  the 
alloy  is  prescribed.  Table  4  shows  the  hardness  of  stellite. 

TABLE  1 

Chemical  Composition  of  Cobalt  Stellite 
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^THe  remainder  is  cobalt. 

1)  Stellite;  2)  content  of  elements  {%) ;  3)  impuri¬ 
ties  (no  more  than);  4)  V3K;  5)  V2K. 


The  other  mechanical  characteristics  of  the  softest  stellites  are 
shown  in  Tabic  5*  Table  6  shows  the  a  cf  stellites. 

Cobalt-  and  iron-based  stellites  have  good  hot  strength  at  temper- 
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TABLE  2 

Chemical  Composition  cf  Nickel  Stellite  ‘3 
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l)  Stellite;  2)  content  of  elements  (%) ;  3)  impuri¬ 
ties  (no  more  than);  4)  VKhNl;  5)  Smenal;  6)  Smena2. 


TABLE  3 

Chemical  Composition  of  Iron  Stellite 
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l)  Stellite;  2)  content  of  elements  {%) ;  3)  VIZh; 
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TABLE  4 


Hardness  of  stellite 
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l)  Stellite;  2)  in  cast  form;  3)  after  fusion;  4)  V3K;  5)  V2K;  6) 
VKhNl;  7)  Smena  1;  8)  Smena  2;  9)  VIZh;  10)  Sormayt;  11)  V2Zh. 


atures  of  up  to  1000°,  while  nickel-based  stellites  have  good  hot 
strength  at  temperatures  of  up  to  1100°. 

The  hot  strength  of  stellites  (on  expression  testing)  approximates 
that  of  alloys  with  intermetallide  hardening.  Figure  1  shows  the  hard¬ 
ness  of  V3K  and  VKhNl  stellites.  Stellites  exhibit  considerably  higher 
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Stellite 
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TABLE  6 

Coefficient  of  Linear  Expan¬ 
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1)  Stellite;  2)  V3K;  3)  VKhNl ; 
4)  Smena  1;  5)  Sormayt. 


Pig.  1.  Hardness  of  VKhNl  (l)  ana  V3K.  (2)  stellites  and  KF1  steel  (3) 
at  elevated  tempera tures.  a)  kg/mm2;  b)  temperature,  °C. 
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Fig.  2.  Impact  hardness  of  VlZh  stellite  (l)  and  EI69  steel  (2)  at 
elevated  temperatures,  a)  Wust  lrrpuct  hardness;  b)  kg-mm/mm3;  c)  tem¬ 
perature,  °C. 
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Fig.  3.  M ic rust rue ture  of 
V2K  stellite. 


Fig.  4.  Microstructure  of 
V3K  stellite. 


Fig.  5-  Microstructure  of 
fused  area  in  stellite  de¬ 
posited  on  austenitic 
steel. 


hardness  than  RF1  high-speed  steel  or 
3KhV8  die  steel,  beginning  at  tempera¬ 
tures  of  700°. 

The  Wust  Impact  hardness  of  stel¬ 
lites  is  materially  higher  than  that 
of  austenitic  valve  steel  of  type  EI69 
(Fig.  2).  The  wear  resistance  of  stel¬ 
lites  is  higher  than  that  of  any  known 
steel  and  is  exceeded  only  by  that  of 
hard  cermet  and  powder-deposition  al¬ 
loys. 

Structurally,  stellites  consist 
of  a  complex  eutectic  of  cax'bides  and 
a  solid  solution,  as  well  as  structural¬ 
ly  free  hypereutectic  carbides  (Fig.  3). 
An  exception  is  hypoeutecti^ Y3K  stel¬ 
lite,  whone  structure  consists  of  solid- 
solution  dendrites  and  eutectics  (Fig. 

4).  Types  VKhNl,  V3K  and  VIZh  stellite 


are  used  for  building  up  the  valve  faces,  headers,  and  seat3  of  Inter¬ 
nal-combustion  engines;  types  V2K  and  V2Zh  are  employed  for  sealing  and 
building  up  dies  or  punches,  valve  stocks,  contacts,  and  the  various 
friction  surfaces  of  instruments;  Smena  1,  Smena  2,  and  Sormayt  are 
used  for  building  up  lathe  centers,  shoes,  worms,  nozzles,  components 
of  agricultural  equipment  and  machine  tools,  and  other  friction  compon¬ 
ents  operating  without  lubrication. 

Building  up  of  stellite  is  carried  out  with  oxyacetylene  torches 
in  a  reducing  flame  (with  an  excess  of  acetylene).  This  process  usually 
deposits  a  layer  3-5  mm  thick.  Polishing  reduces  the  thickness  of  the 
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built-up  layer  t-  1 .  .  ■  r.r..  Th<  .  i  <  il  tt*  :•?.  .1  :  v ■*  t  -  .•  :  ,*  *  a* '  ■, 
mixed  with  th«  base  r  <  la  1  during  Lnlldinr  a  ( h  ;  *  - .  i) ,  .  lr  ?.r  '.s  : 
duces  Its  hardness  and  wear  resistance. 

References ;  Grechin,  V. P. ,  Isnostoyklye  chuguny  L  splavy  [Wear- 
Resistant  Pig  Iron  and  Alloys),  Moscow,  iy6l ;  Brokhln,  I.C.  ,  Tverdyy 
splav  "Smena."  Tverdyye  splavy  tlpa  stellit  [The  Hard  Alloy  "Smena." 
Hard  Alloys  of  the  Stellite  Type),  Lenin, rrad-Moscow-Svcrdlovsk.  1 934 ; 
Romanov,  M.M. ,  Ver,  0. I.,  Ognestoyklye  splavy  [Refractory  Alloys), 
Leningrad-Moscow,  1935* 

V. P.  Grechin 


STICKY  ADHESIVE  -  is  a  compound  composed  of  the  basic  component 
substances  (polyisobutylene,  ethyl  cellulose,  synthetic  rubbers),  which 
impart  the  stickiness  (rosin  ester,  hydrogenized  colophony,  coumarone-, 
alkyd-,  and  toluene  sulfonamide  formaldehyde  resins),  plasticizers 
(methyl  abietate,  alkyd-  and  coumarone-indene  resins,  dibutyl  phthalate, 
tricresyl  phosphate,  nondrying  oils),  and  modifiers  (hydrogenized  wax, 
animal  or  mineral  waxes).  Sticky  adhesives  do  not  dry  for  a  long  time, 
they  adhere  to  any  surface  when  weakly  pressed  on  and  are  characterized 
by  a  constant  adhesion  of  the  adhesive  film.  Sticky  adhesives  based  on 
polyisobutylene  adhere  well  to  metals;  the  disadvantages  of  these  ad¬ 
hesives  (the  fluidity  of  the  polyisobutylene  at  lower  temperatures,  the 
degradation  of  the  polymer  under  the  action  of  light)  are  partially  re^ 
mediable  by  certain  additions;  these  adhesives  are  used  in  combination 
with  synthetic  rubbers.  The  sticky  adhesive  based  on  polyvinylmethyl 
ester  adheres  well  to  plastics  and  other  materials;  superfluous  bits 
can  be  washed  off  easily  with  water.  Sticky  adhesive  bcs*.u  siliconorgan- 
ic  elastomers  is  heat-treated  at  150-2500  to  Increase  the  adhesion. 
High-strength  glass  fabric  covered  with  nondrying  siliconorganic  varnish 
is  capable  of  withstanding  temperatures  from  -cO0  to  200 °;  this  adhe¬ 
sive  is  used  in  radio  electronics,  aviation  and  electrica]  engineering 
industries.  Depending  on  the  composition  of  the-  adhesive,  the  sticky  ad¬ 
hesives  are  applied  by  a  wet  or  a  dry  method.  In  the  former  method,  the 
components  of  the  adhesive  are  mixed  in  the  usual  resin-mixer  without 
solvent,  then  heated  up  to  the  softening  point  cf  the  resin  and  calend¬ 
ered  onto  the  carrier  material.  The  second  (wet)  method  is  more  wide- 
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tape  it  irie  :  '  n  h<  ‘  air,  r  y  inir-t’j:  i  a .  f  in  1<  ns  '  be  to  re  1  * 
is  rolled  up.  Sticky  paper:;  cove  re  i  with  a  ihesive  are-  u.  d  U>  temporari¬ 
ly  preserve  metal  rivets  iron  dam  a  during  transport  arid  storage. 

Stick/  adhe..ives  are  widely  used  '’cr  medi  al  purpo..e.,  (adhesive 
plasters,  a  res  sings,  and  ligatures) ;  as  adhesive  labels  and  wrrpper::  on 
basis  of  paper  or  metal;  and  as  insulating,  tightening  and  preserving 
tapes.  The  insulation  tape  from  foamed  polyurethane  joined  with  a  trans¬ 
parent  waterproof  and  elastic  film,  covered  with  sticky  adhesive,  ad¬ 
heres  readily  on  any  surface  of  machines  and  devices  ar.l  is  used  to 
damp  oscillations,  to  protect  brittle  parts  from  impacts,  and  to  offer 
protection  from  moisture  and  dust.  When  parts  are  to  be  joined  with 
hot-curing  adhesives,  they  can  be  ./rapped  in  a  sticky  cellophane  film; 
the  cellophane  contracts  during  the  .seating  and  produces  a  considerable 
Dressure  in  the  bond  area,  thereby  preventing  the  joined  parts  from 
shifting. 


D.  A.  Kardashe v 


STRAIN  FIGURES  -  are  lines  on  the  surface  of  dlrtorte-'.  bodies, 
which  are  directed  obliquely  to  the  stress  directions.  The  strain  fl 
gures  are  detectable  by  the  following  manners:  observation  of  the  pre¬ 
viously  polished  surface;  investigation  of  the  type  of  destruction  of 
brittle  layers  (cinder,  for  example);  heating  and  subsequent  treatment 
with  pickling  agents;  method  of  "schlieren  photographs"  of  the  surface 
relief,  etc.  The  direction  of  the  strain  figures  sometimes  coincides 
with  the  direction  calculated  on  the  basis  of  the  Plasticity  theory 
(see  Lueders-Chernov  lines). 


Ya.B-  Fridman 
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STRAIN  .'LARDENED  MAGNESIUM  ALLOYS  are  mill  priducts  made  from  mag¬ 
nesium  alloys  which  have  ceen  subjected  to  strengthening  by  plastic  de¬ 
formation  (strain  hardening)  at  a  temperature  below  their  crystalliza¬ 
tion  temperature.  Under  the  action  of  the  plastic  deformation  the  hard¬ 
ness  (HB),  yield  strength  (oq  0)  and  ultimate  strength  (ob)  of  the  al¬ 
loys  in  tensile  test  increase,  while  the  relative  elongation  (5)  and 
the  transverse  reduction  (V)  diminish.  This  variation  of  the  properties, 
most  intense  at  the  beginning  of  the  process  and.  diminishing  toward  the 
end,  takes  place  up  to  the  instant  of  fracture  of  the  alloy.  For  the 
majority  of  the  alloys  (copper,  aluminum,  etc.  )  the  strain  hardened  con¬ 
dition  is  created  by  cold  deformation  (at  shop  temperature),  and  the  re¬ 
quired  relationship  of  the  strength  (aQ  2  and  o^)  and  plasticity  (5  and 
if)  characteristics  of  the  mill  products  is  achieved  by  a  varying  degree 
of  deformation  or  duration  and  temperature  of  the  subsequent  anneal. 

The  degree  of  strain  hardening  of  the  alloys  is  determined  by  the  re¬ 
lation  of  the  strength  and  plasticity  characteristics.  The  strain  hard¬ 
ened  state  is  the  name  given  to  the  temper  in  which  the  alloy  has  the 
minimal  acceptable  value  of  6  with  corresponding  maximal  values  of  cn  9 
and  o^.  In  the  annealed  temper,  on  the  other  hand,  the  alloy  has  mini¬ 
mal  values  of  cu  „  and  o,  with  a  maximal  value  of  5.  The  intermediate 
u.  d  b 

temper,  when  the  alloy  has  some  average  values  of  the  mechanical  pro¬ 
perties  between  their  values  in  the  fully  annealed  and  fully  strain 
hardened  tempers,  is  termed  semi-strain-hardened.  For  the  alloys  which 
admit  large  degrees  of  cold  deformation  prior  to  fracture,  we  can  dif¬ 
ferentiate  more  detailed  fractional  degrees  of  eformation,  for  example, 
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1/4H,  £H  and  3/4H,  wher  H  denotes  the  strain  hardened  condition.  The 
limited  number  of  slippage  planes  in  the  hexagonal  crystal  lattice  of 
the  magnesium  alloys  at  room  temperature  leads  to  a  low  degree  of  cold 
deformation  for  these  alloys. 


Compression  diagram  for  the  VM65-l2all°’  (extruded  strip  in  the  aged  at 
170*  for  10  hours  temper)  1)  kg/mm  . 

The  figure  shows  the  compression  diagram  for  the  VM65-I  alloy.  The 
low  plasticity  margin  (degree  of  deformation  <  10$)  at  room  temperature 
eliminates  the  possibility  of  strain  hardening  of  the  magnesium  alloys 
by  cold  deformation.  Cold  rolling  is  possible  only  for  the  low-alloy 
magnesium  alloys  with  0.  5#  Th  or  with  0.2%  mischmetal  and  0.4#  Zr.  In 
practice,  use  is  made  of  partial  strain  hardening  of  the  more  plastic 
sheet  alloys  by  rolling  them  in  the  hot  condition  with  a  temperature  of 
150-200°  at  the  termination  of  rolling  with  subsequent  partial  anneal. 
The  table  presents  the  mechanical  properties  of  sheet  made  from  the  MA8 
and  MA2-1  alloys  after  rolling  and  annealing  at  different  temperatures. 
Directly  after  rolling  in  the  strain  hardened  condition  the  alloys  have 
the  maximal  strength  characterises,  but  excessively  low  plasticity, 
therefore,  sheets  are  not  used  in  this  condition.  Annealing  of  the  MA8 
all.y  in  the  temperature  range  250-300°  for  30  minutes  provides  high 
strength  with  adequately  high  plasticity  (semi-strain-hardened  condit¬ 
ion).  Maximal  plasticity  with  a  small  reduction  of  the  strength  is  achi¬ 
eved  with  full  anneal  of  the  MA8  alloy  (temperature  350°,  duration  30 
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minutes).  Further  increase  of  the  annealing  temperature  leads  to  grain 
growth  and  reduction  of  the  strength  and  plasticity  of  the  alloy. 


Mechanical  Properties  (Typical)  of  MA2-1  and  MA8  Alloy  Sheet  of  2-3  mm 
Thickness  After  Anneal  for  30  Minutes  at  Various  Temperatures 
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1)  Material  condition;  2)  alloy  ;  3)  (kg/mm  );  4)  after  rolling;  0)  an¬ 
nealed  at  for  30  minutes. 


In  the  MA2-1  alloy  the  simi-strain-hardened  condition  is  reached 
by  annealing  at  170-200°  for  30  minutes,  and  the  fully  annealed  condi¬ 
tion  is  reached  by  annealing  at  250-280°  for  the  same  time. 

References:  see  article  Wi ought  Magnesium  Alloys. 

A. A.  Kazakov 
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STRAIN-TEMPERATURE  CURVE  -  one  of  the  characteristics  of  the  mech¬ 
anical  properties  of  a  solid  body  (usually  of  a  polymer)  in  a  wide 
temperature  range.  Strain-temperature  curves  are  usually  obtained  by 
measuring  the  deformation  of  the  material  being  tested:  1)  when  the 
specimen  is  heated  at  the  constant  rate  dT/dt  under  a  given  load,  2) 
at  a  given  temperature  and  subjected  to  a  constant  stress  during  a 
specified  time  interval  fit.  The  second  method  is  more  exact.  The  loca¬ 
tion  of  the  strain- temperature  curve  depends  on  the  magnitude  of  the 
time  fit  or  the  heating  rate.  The  strain-temperature  curve  for  polymers 
is  displaced  In  the  direction  of  higher  temperatures  with  a  reduction 
in  fit  and  increase  in  dT/dt. 

A  stress-temperature  curve  for  a  crystalline  body  Is  shown  In 
Fig.  1.  Below  Tpl  the  crystal’s  metlting  temperature,  the  deformations 
are  small  and  do  not  increase  signficantly  with  an  Increase  in  temper¬ 
ature;  they  are  reversible  in  short  duration  tests.  In  tests  of  long 
duration  metals  and  other  crystalline  bodies  exhibit  creep  and  residual 
deformations  which  are  the  greater,  the  higher  the  temperature.  Above 
T  ^  on  transition  to  the  liquid  state,  the  deformation  is  almost  en¬ 
tirely  viscous.  The  strain-temperature  curves  for  low-molecular  glass 
are  depicted  in  Fig.  2  (curves  1-3).  The  deformations  change  monoton 
ically  with  the  temperature,  below  T  the  vitrification  temperature, 
they  are  small  and  reversible,  above  T  they  are  large  and  irreversible. 

D 

The  range  of  transition  from  the  solid  to  the  liquid  state  practically 
occupies  a  certain  temperature  interval. 

The  strain-temperature  curves  of  polymers  are  more  complex  in 
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Pig.  1.  Strain-temperature  curve 
of  a  crystalline  material.  1)  De¬ 
formation;  2)  temperature;  3)  T 


Pip;.  2.  Strain-temperature 
curves  for  low-molecular  glass 
(1-3)  and  high  polymers  (4-7). 
Higher  curve  numbers  corres¬ 
pond  to  an  increase  in  the  de¬ 
gree  of  polymerization.  A)  De¬ 
formation;  B)  temperature. 


shape  (Fig-  2,  curves  ^-7)-  A  substantial  increase  in  the  deformation, 
which  remains  reversible,  takes  place  above  T^..  Then  the  deformation 
changes  little  with  the  temperature,  up  to  the  yield  temperature  Tj,, 
after  which  it  becomes  irreversible.  A  hyperelastic  state  is  situated 
between  the  vitreous  and  viscous  flow  states,  in  the  interval  from  T 
to  Tf  (see  Hyperelastic  Deformation).  The  high-elasticity  range  of  cer¬ 
tain  linear  polymers  is  characterized  by  several  plateaus  on  the  strain 
temperature  curve.  This  is  due  to  an  ensemble  of  various  secondary 
crosslinkages  between  the  macromoieeules ;  here  the  weakest  of  them  are 
destroyed  at  lower  temperatures,  then  the  mor  stronger  ones,  etc.  As 
a  result,  the  material  is  partially  destroyed  at  certain  temperatures 
and  the  deformation  increases  in  a  .jump.  The  sharp  rise  in  deformation 
after  T^.  is  due  to  the  viscous  flowing  of  the  polymer.  For  a  given  poly 
mer-homologous  series  the  strain-temperature  curves  change  in  such  a 
manner  with  an  increase  in  the  molecular  weight  that  T^  is  displaced 
(Fig.  2)  into  the  region  of  higher  temperatures  but,  starting  with  a 
certain  molecular  weight,  which,  corresponds  to  the  transition  from  low- 

molecular  to  high-molecular  systems,  T,  reamins  constant,  while  Tr  in- 

g  I 

creases  with  an  increase  in  the  molecular  weight.  The  Tg-Tj.  high  elas- 
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ticity  region  is  the  wider,  the  higher  the  molecular  weight  c f  the 
polymer. 

The  thermomechanical  method  of  polymer  testing  has  come  into  ex¬ 
tensive  use.  It  consists  in  obtaining  the  strain-temperature  curve  un¬ 
der  a  certain  simple  loading  regime.  For  example,  in  mass  testing  of 
polymers  use  is  usually  made  of  a  constant  rate  of  temperature  increase 
under  a  given  stress.  As  a  result  of  simple  calculations  it  is  possible 
to  rapidly  obtain  primary  data  on  the  mechanical  properties  of  poly¬ 
mers  in  a  wide  temperature  range  in  order  to  then,  using  more  exact 
physicomechanical  methods,  study  the  individual  temperature  regions. 

The  thermomechanical  method  is  used  to  study  the  effect  of  the  molecu¬ 
lar  weight,  plasticizers,  fillers,  irradiation,  medium  and  other  fac¬ 
tors  on  the  mechanical  properties  of  polymers,  and  also  for  the  produc¬ 
tion  control  of  the  stability  of  various  batches  of  technical  poly¬ 
mers,  etc.  This  method  makes  it  possible  to  judge  about  the  mechanism 
of  the  effect  of  all  these  factors,  about  the  feasibility  of  modifying 
the  properties  of  polymers  and  about  the  temperature  fields  of  their 
application. 

References:  Kargin,  V.A. ,  and  Slonlmskiy,  G. L. ,  Kratkiye  ocherki 
po  fiziko-khimii  polimerov  [Brief  Outlines  of  the  Physical  Chemistry 
of  Polymers],  Moscow,  I960;  Sogolova,  T. I.  and  Slonimskiy,  G.L. ,  Ter- 
momekhanicheskly  metod  issledovaniya  polimerov  [The  Thermomechanical 
Method  for  Study  of  Polymers],  "Zhurnal  Vses.  khim.  o-va"  [Journal  of 
the  All-Union  Chemical  Society],  Vol.  6,  No.  4,  page  389,  1961. 

G.M.  Bartenev 
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STRAY  MAGNETIC  FIELD  is  a  magnetic  field  which  appears  about  a 
magnetized  ferromganetic  body.  Structural  inhomogeneities  or  discon¬ 
tinuities  of  the  material  cause  anomalies  in  the  distribution  of  the 
stray  magnetic  field,  which  makes  it  possible  with  the  aid  of  various 
indicators  to  detect  defects  in  products  made  from  the  ferromagnetic 
matierials  (see  Magnetic  Defectoscopy). 

S.M.  Rozhdestvenskiy 
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STRENGTH  -  is  characterized  by  increasing  deformation  under  the 
increase  of  the  load.  Usually  strength  is  determined  within  the  range 
in  which  Hooke's  ley  is  valid,,  and  in  chis  case  the  strength  is  a  con¬ 
stant  of  the  system  (it  does  not  depend  on  the  magnitude  of  the  deform¬ 
ation).  In  the  case  of  stretching  (or  compression)  the  strength  is 
equal  to 

'LL  m  =  J_./> 
i  •  tr  1  ■ 

where  P  is  the  force,  A1  is  the  absolute  elongation  (or  contraction); 

E  is  Young's  modulus;  F  is  the  cross  section,  and  1  is  the  length  of 
the  specimen. 

In  the  case  of  bending,  the  strength  of  the  cross  section  is  equal 
to  E*I,  and  in  the  case  of  torsion  it  is  equal  to  G* Ip,  where  I  is  the 
moment  of  inertia  of  the  cross  section.  Ip  is  the  polar  moment  of  in¬ 
ertia  of  the  cross  section,  and  G  Is  the  modulus  of  strength. 

The  lower  the  deformation  of  the  system  (body),  the  higher  the 
strength,  the  other  conditions  remaining  constant.  In  an  absolutely 
hard  body  is  E  =  «;  G  =  ®,  and  the  strength  is  infinite;  the  strength 
of  rubbers  is  very  low.  The  magnitude  inverse  to  strength  is  termed 
pliability. 

Ya.  B.  Fridman 
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STRENGTH  —  the  resistance  of  a  body  to  deformation  and  f racture 
under  the  action  of  mechanical  loads.  This  factor  Is  usually  evaluaed 
from  the  mean  stresses  corresponding  to  a  definite  Instant  In  the  devel¬ 
opment  of  deformation  or  fracture.  It  Is  the  most  Important  character¬ 
istic  of  structural  materials,  strength  uepenus  on  tne  mechanical  char¬ 
acteristics  and  structure  of  the  material,  the  size  and  shape  of  the 
body,  the  ambient  medium,  and  the  character  of  the  variation  in  load¬ 
ing  with  time,  particularly  the  loau  duration.  The  concept  of  strength 
includes  many  different  characteristics ,  whies  may  ve  -y  in  accordant 
with  different  (sometimes  contradictory)  laws;  for  example,  as  the 
of  a  material  Increases  its  static  strength  may  rise  while  its  fatigue 
strength  drops.  See  Strength  of  structural  materials.  Theoretical 
strength.  Dynamic  strength.  Mechanical  strength.  Specific  strength. 
Ultimate  strength. 


Ya.B.  Fridman 
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STRENGTHENING  OF  TEXTILE  MATERIALS  BY  MEANS  OF  ADHESIVES  -  Is  a 
widely  used  method  to  Join  fabrics  together  or  with  other  materials. 

The  adhesives  used  in  strengthening  textile  materials  must  be  highly 
adhesive  to  the  fabrics,  flexible,  wash-fast  and  weatherproof;  it  must 
also  possess  great  strength  ana  eiabtj.clty,  must  dry  and  cure  quickly 
and  be  harmless  in  work.  The  following  adhesives  are  used  for  strength¬ 
ening  textile  materials:  polyvinylchloride,  polyamide,  BF-6,  films  from 
dibutyl  phthalate  and  zinc  or  calcium  oxide,  adhesives  based  on  poly¬ 
vinyl  butyral,  solution  of  chloranil  and  vlnylidenc  chloride  in  ethyl 
acetate,  etc.  The  strengthening  of  textile  materials  by  means  of  adhe¬ 
sives  must  provdide  wear- resistant  and  elastic  seams,  but  only  when  the 
adhesive  is  repeatedly  applied  to  the  bond  areas,  and  the  intermediate 
layers  are  dried.  These  adhesives  are  resistant  to  low  temperatures  and 
to  dry-cleaning,  but  they  are  insufficiently  stable  in  water,  especially 
in  boiling  soapy  water. 

Polyurethane  adhesive  (PU-2)  is  used  to  cement  (without  heating) 
wool,  glass,  cotton  or  synthetic  fabrics  to  wood,  plastics  and  metals. 

D.A.  Kardashev 
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STRENGTH  OP  POLYMERS  -  a  characteristic  closely  associated  with 
deformation  properties,  which  depend  on  the  structure  and  physical 
state  of  the  polymer.  A  polymer  is  subject  to  different  types  of  defor¬ 
mation  and  fracture  in  different  physical  states  and  its,  strength  var¬ 
ies  accordingly.  At  small  deformations  crystalline  polymers  behave  like 
solids,  while  on  severe  extension  they  undergo  a  structural  transforma¬ 
tion  from  their  initial  uncrier. ted  phase  to  an  oriented  crystalline 
phase,  where  the  cnains  in  the  crystals  are  arrayed  predominantly  along 
the  axis  of  extension.  The  structural  transformation  is  accompanied  by 
a  rapid  change  in  specimen  length  at  the  critical  force  F^r>  which  de¬ 
pends  on  the  temperature.  Uniform  lew-magnitude  extension  cf  the  speci¬ 
men  occurs  during  the  first  stage  cf  loading,  followed  by  sudden  devel¬ 
opment  of  a  "neck,”  which  gradually  extends  over  the  entire  specimen 
during  the  second  stage  of  extension  As  Its  molecular  weight  i-  re¬ 
duced  the  strength  cf  a  crystal  lir.e  ;  clymer  decrease.  ,  sometimes  to  be¬ 
low  F^r,  in  which  case  the  polymer  is  subject  to  brittle  fracture  with¬ 
out  any  phase  transformation.  Severe  deformation  cf  high-molecular 
crystalline  polymers,  almost  tc  me  : clnt  of  fracture,  is  highly  elas¬ 
tic  (see  Highly  elastic  deformation) ,  since  it  is  associated  with  a 
change  in  the  configuration  and  orientation  cf  the  polymer  chains  and 
packets.  During  tensile  testing  crystalline  polymers  yield  the  temporal 
strength  function  shown  In  rig-  . .  Cr.  y  brittle  fracture  is  observed  at 
low  temperatures,  '  i  the  AB  region.  Beginning  at  the  c;  ientaticn  temper¬ 
ature  T  .  at  wh*  ..  a  neck,  is  f<.  rm»d  and  tr.e  material  teccmes  capable 
or 

specimen  has  two  strengths,  depending  on  whether 


ol  orientation,  the 
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fracture  occurs  In  the  wider  segment  or  In  the  neck.  Above  the  embrit¬ 
tlement  temperature  T^hr  fracture  occurs  only  after  the  entire  speci¬ 
men  has  necked  and  undergone  considerable  elongation. 


Fig.  1.  Temporal  strength  (stress)  function.  1)  Stress;  2)  extension 
region;  3)  temperature. 


Fig.  2.  Diagram  of  deformation-strength  characteristics:  1)  Elastic  de¬ 
formation;  2)  highly  elastic  deformation;  31  operating  region;  4)  ex¬ 
tension  region;  5)  transformation  region;  6)  irreversible  deformation, 
a)  Stress  (true);  b)  temperature. 

Crystalline,  synthetic,  and  artificial  polymers  are  often  employ¬ 
ed  in  the  manufacture  of  fibrous  materials.  A  preliminarily  oriented 
polymer  (fibrous  material),  is  a  high-strength  material  at  any  tempera¬ 
ture  below  Its  melting  point  (the  OP  region).  Tne  operational-temperature 
region  for  crystalline  fibers  lies  below  the  melting  point,  while  the 
technological  elongation  region  is  bounded  by  T^hr  and  the  melting 
point. 

In  amorphous  polymers,  such  as  gum  rubbers  and  many  plastics,  the 
brittle  and  plastic  regions  are  separated  by  two  new  temperature  re¬ 
gions  (Fig.  2),  a  forced-elastic  region  between  T. .  and  T  and  a  hlgh- 

Khr  g 

ly  elastic  region  between  T  and  the  plasticity  temperature  T  .  There 

O  ft 

two  regions  are  separated  by  T  .  While  a  polymer  undergoes  brittle  frac- 
ture  below  T^r,  at  temperatures  above  this  point  fracture  is  preceded 
by  highly  elastic  deformation,  which  develops  at  stresses  exceeding  the 

3569 
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Limit  of  forced  elasticity  At  temperatures  above  T^.,  in  the  high- 
elasticity  region,  fracture  is  also  preceded  by  highly  elastic  defor¬ 
mation,  but  the  latter  begins  to  develop  as  soon  as  the  load  is  applied. 
Above  Tn,  on  passing  tnrough  the  yield-strength  point  6  ,  residual  de- 
ormation  develops  until  the  material  suffers  a  loss  of  creep  resist¬ 
ance,  necks,  and  fractures.  As  a  rule,  when  the  deformation  rate  is  in¬ 
creased  and  the  loading  time  reduced  the  temperature  boundaries  of  the 
various  regions  are  displaced  toward  higher  levels.  Especially  severe 
displacement  is  observed  under  impact  loads.  It  can  be  seen  from  the 
graph  of  deformation-strength  characteristics  (Fig.  2)  that  a  polymer 
may  undergo  elastic,  highly  elastic,  or  residual  deformation,  depend¬ 
ing  on  the  temperature,  stress,  and  deformation  rate.  Its  strength  var¬ 
ies  accordingly. 

Three  physical  states  of  polymers  (vitreous,  highly  elastic,  and 
viscous)  are  noted  under  small  stresses.  Under  large  stresses  the  de¬ 
formation  of  polymers  acquires  a  number  of  new  qualitative  characteris¬ 
tics,  which  affect  strength  and  fracture  mechanism.  This  influence  Is 
especially  manifest  during  the  extension  of  solid  polymers  (crystalline 
and  amorphous),  where  cold  elongation  is  observed.  An  oriented  struc¬ 
ture  develops  in  this  case,  great  l.y  hardening  the  material.  In  the  ma¬ 
jority  of  cases  fracture  of  polymers  occurs  when  they  are  in  an  orien¬ 
ted  state,  either  as  a  result  of  prelimlnaij  processing  (fibers)  or  dur¬ 
ing  tensile  testing,  i.e.,  all  other  types  of  fracture,  with  the  excep¬ 
tion  of  brittle  fracture,  are  preceded  by  highly  elastic  deformation. 

The  brittle  strength  of  a  given  polymer  can  vary  widely  in  accordance 
with  its  degree  of  preliminary  orientation. 

In  the  vitreous  state,  in  which  plastics  are  found  at  ordinary 
temperatures  and  gums  anu  rubbers  at  low  temperatures,  extension  of  an 
amorphous  polymer  occurs  in  superficially  the  same  manner  as  for  a  cry?- 
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talline  polymer.  At  loads  below  specimens  are  basically  subject  to 
elastic  deformation.  Above  6^  highly  elastic  deformation  beings  to  de¬ 
velop  under  the  action  of  external  forces  (cold  flow).  After  the  entire 
specimen  has  necked  fracture  of  the  workpiece  of  altered  shape  takes 
place  in  the  oriented  state,  which  leads  to  an  increase  in  strength; 
at  low  tensile  deformations  rupture  has  the  same  character  as  in  the 
brittle  state,  while  at  high  deformations  the  specimen  undergoes  brit¬ 
tle-fibrous  fracture.  Tensile  fracture  of  a  solid  polymer  at  tempera¬ 
tures  above  Tkhr  has  a  complex  character.  Deformation  takes  place  dur¬ 
ing  the  transition  through  and  the  specimen  then  fractures,  separa¬ 
ting  into  pieces.  The  first  process  is  distinguished  from  the  second  by 
the  fact  that  it  occurs  without  disruption  of  the  integrity  of  the  ma¬ 
terial  and  leads  only  to  a  change  in  specimen  shape.  The  mechanisms  of 
this  process  consists  in  displacement  and  orientation  of  the  links  of 
the  polymer  molecules  under  the  action  of  external  forces.  The  mechan¬ 
ism  of  the  second  process  consists  in  crack  propagation  in  the  oriented 
material.  The  6^  of  the  material,  which  is  an  analog  of  the  yield 
strength  of  solids,  increases  as  the  temperature  drops  and  the  deforma¬ 
tion  rate  rises.  At  T^hr  it  exceeds  the  strength  of  the  polymer  and  the 
latter  undergoes  brittle  fracture  before  is  reached  (Fig.  2).  As 

molecular  weight  decreases  a  point  is  reached  at  which  T, .  coincides 

khr 

with  T  . 
g 


Fig.  3-  Graph  of  extension  of  polymers,  a)  Stress;  b)  relative  elonga- 
‘  tion. 
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A  polymer  becomes  highly  elastic  above  T  .  The  fracture  of  a  high- 
ly  elastic  material  differs  from  that  of  a  brittle  materia]  in  the  fact 
that  it  is  preceded  by  more  severe  deformation,  which  is  associated 
with  orientation  and  straightening  of  the  polymer  chains.  In  addition, 
just  as  in  brittle  fracture,  the  specimen  cross-section  retains  its 
preloading  shape  after  fracture  and  shrinkage,  the  fracture  surface  us¬ 
ually  lying  perpendicular  to  the  tensile  forces.  However,  the  mechanism 
of  prolonged  fracture  differs  in  these  two  cases.  Highly  elastic  poly¬ 
mers  fracture  by  propagation  of  tears,  which  are  analogous  to  cracks  in 
brittle  bodies.  In  this  case  the  slow  and  rapid  stages  of  fracture  cor- 
respond  to  the  reverse  of  the  zones  of  the  fracture  surface  in  brittle 
solids. 

Plastic  fracture  is  observed  at  high  temperatures  (above  T  ), 
where  the  yield  strength  of  the  material  drops  below  its  strength.  The 
transition  from  plastic  to  highly  elastic  fracture  may  occur  both  when 
the  temperature  or  deformation  rate  changes  and  when  the  polymer  struc¬ 
ture  is  altered.  The  latter  phenomenon  forms  the  basis  for  rubber  tech¬ 
nology,  since  the  transition  from  a  plastic  rubber  mass  to  a  highly 
elastic  material  is  accompanied  by  a  sharp  increase  in  yield  strength. 
At  all  temperatures  below  the  chemical-decomposition  limit  the  three- 
dimensional  network  of  a  reticular  polymer  (rubber)  has  a  high  yield 
strength,  which  exceeds  its  rupture  strength.  In  this  case  T^  coincides 
with  the  network-decomposition  temperature  in  practice. 

Above  Tn  a  polymer  is  a  plastic  material  with  a  characteristic  ex¬ 
tension  diagram  (Fig.  3)*  Below  point  A  the  polymer  undergoes  highly 
elastic  deformation  almost  exclusively.  The  stress  corresponding  to 
point  A  is  the  yield  strength.  At  stresses  exceeding  cn  residual  (irre¬ 
versible)  deformation  occurs  simultaneously  with  the  highly  elastic  de¬ 
formation.  Uniform  development  of  residual  deformation  along  the  speci- 
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men  and  through  Its  cross-section  proceeds  until  necking  takes  place 
(point  B).  The  stress  then  increases  principally  in  the  neck  (the  dash¬ 
ed  curve  in  Fig.  3,  which  rises  sharply)  and  fracture  ensues.  Rupture 
during  a  definite  stage  of  necking  results  from  the  fact  that  flow  dur¬ 
ing  this  process  is  not  unlimited,  since  the  orientation  of  the  mole¬ 
cules  leads  to  a  rise  in  the  viscosity  of  the  material  in  the  neck. 

The  strength  of  polymers  depends  on  the  type  of  stressed  state. 

For  example,  during  the  transition  from  extension  to  compression  of  a 
solid  polymer,  its  brittle  strength  and  rise,  the  former  increasing 
to  a  larger  extent.  Under  the  same  conditions  a  polymer  may  consequent¬ 
ly  undergo  forced-elastic  deformation  on  compression  and  brittle  frac¬ 
ture  on  extension.  The  strength  of  polymers  depends  to  a  large  extent 
on  the  loading  regime  (see  Time  function  of  strength  and  Fatigue  of  ma¬ 
terials).  Since  the  strength  of  such  materials  in  any  deformed  state  is 
governed  by  the  weakest  portion  of  the  structure  or  the  presence  of  de¬ 
trimental  defects  (cracks,  tears),  the  static  theory  of  strength  is  ap¬ 
plicable  to  polymers. 

If  it  is  sufficiently  high  (more  than  50,000  in  practice)  the 
molecular  weight  of  linear  and  reticular  polymers  has  no  influence  on 
their  strength.  Polymer  structure  (molecular  orientation,  degree  of 
"cross-linking"  and  packing  for  reticular  polymers,  etc.)  has  a  mater¬ 
ial  influence  on  strength. 

References :  Zhurkov,  S.N. ,  Narzullayev,  B.N.,  Vremennaya  zavisi- 
most'  prochnosti  tverdykh  tel  [Time  Function  of  the  Strength  of  Soli-..'  , 
Zh.  tekhn.  flzlkl  [Journal  of  Technical  Physics],  1953,  Vol.  23,  Nc . 

10,  page  1677;  Zhurkov,  S.N. ,  Abasov,  S.A.,  Temperaturnaya  1  vremennaya 
zavlslmost'  prochnosti  polimernykh  volokon  [Temperature  and  Time  Func¬ 
tions  of  the  Strength  of  Polymer  Fibers],  VS,  1961,  Vol.  3,  No.  3, 
page  ^4l;  Idem,  Rol'  khimicheskikh  mezhmolekulyarnykh  svyazey  pri 
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razryve  polimerov  [Role  of  Intermolecular  Chemical  Bonds  In  the  Fail¬ 
ure  of  Polymers],  Ibid.,  page  450;  Kargin,  V.A.  and  Sogolova,  T.I. , 
Issledovanlye  mekhanichesklkh  svoystv  kristallicheskikh  polimerov  [In¬ 
vestigation  of  the  Mechanical  Characteristics  of  Crystalline  Polymers], 
Investigation  of  the  mechanical  Characteristics  of  Crystalline  Poly¬ 
mers],  Zn.  fiz.  khimii  [Journal  of  Physical  Chemistry],  1553,  Vol.  27, 
No.  7-9;  Kargin,  V.A.,  Slonimskiy,  G.L. ,  Kratkiye  ocherki  po  fiziko- 
khimii  polimerov  [Brief  Outline  of  the  Physical  Chemistry  of  Polymers], 
Moscow,  19*0;  Bartenev,  G.M. ,  Prochnost'  i  mekhanizm  razryva  polimerov 
[Strength  and  Failure  Mechanism  cf  Polymers],  UKh  [Advances  in  Chemis¬ 
try],  1955,  Vol.  24,  No.  7,  page  815;  Alfrey,  T. ,  Mekhanicheskiye 
svoystva  vysokopolimerov  [Mechanical  Characteristics  of  High-Molecular 
Polymers],  translated  from  English,  Moscow,  1952. 

G.M.  Bartenev 
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STRESS  is  the  characteristic  of  the  unit  mechanical  loading  of  a 
given  section.  Stress  is  measured  in  kg/mm  or  kg/cm  .  Since  a  multi¬ 
tude  of  planes  of  various  orientation  passes  through  every  point  of  a 
tody,  at  a  given  point  of  a  given  tody  ghere  act  various  stresses  de¬ 
pending  on  the  orientation  of  the  section  to  which  the  force  is  refer¬ 
red.  The  aggregate  of  all  the  stresses  for  all  the  planes  passing 
through  a  point  is  termed  the  stress  state  at  the  given  point.  In  the 
general  case  it  is  characterized  by  six  quantities  (stress  tensor).  In 
engineering,  most  often  use  is  made  of  the  maximal  normal  and  tangential 
stresses.  The  majority  of  the  strength  characteristics  (elastic  limit, 
yield  point,  ultimate  strength,  fatigue  and  creep  strengths,  etc.)  are 
expressed  in  terms  of  stress.  See  True  Stress,  Normal  Stress,  Residual 
Stress,  Thermal  Stress,  Unit  Stress. 

Ya.B.  Fridman 
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STRESS  CONCENTRATION  -  is  the  increase  of  stresses  in  the  vicinity 
of  openings,  fillets,  key  grooves,  and  other  Stress  Concentrators  at 
points  where  the  surface  of  the  concentrator  has  the  largest  curvature. 
The  degree  of  the  concentration  is  the  most  essential  factor  within  the 
range  of  elasticity;  it  is  characterized  by  the  concentration  coeffi¬ 
cients  aQ  for  the  normal,  and  aT  for  the  tangential  stresses.  The  coef¬ 
ficients  aQ  and  aT  are  determined  theoretically  and  experimentally  as 
the  ratio  of  the  maximal  stress  (amaics>  Tma^c-)  caused  by  the  concentra¬ 
tion,  to  the  nominal  stress  (an,  t  )  at  the  same  point: 

a.-lsiXL  a  =  T«..c 

a  *  < 

h  * 

The  magnitude  of  aQ  and  aT  is  not  related  to  the  properties  of  the  ma¬ 
terial,  it  depends  on  the  shape  of  the  stress  concentrator,  of  Its 
sharpness,  its  absolute  size  and  its  size  relative  to  the  whole  piece, 
and  also  on  the  type  of  deformation  and  of  the  stressed  state.  The  ef¬ 
fective  concentration  coefficients  K.  for  the  normal,  and  for  the 
tangential  stresses  are  characteristics  for  the  effect  of  the  stress 
concentration  on  the  endurance  limit.  The  coefficients  Kq  and  KT  are 
determined  experimentally  as  the  ratio  of  the  endurance  limit  of  the 

smooth  specimen  (-  ,  t  )  to  the  endurance  limit  of  the  specimen!  with 

r  '  rg  rg' 

a  stress  concentrator  ( c  t^): 


In  the  case  of  asymmetrical  cycles,  K_  and  Kt  are  determined  as 
the  ratio  of  the  ultimate  amplitude  of  the  smooth  specimen  to  the  ulti¬ 
mate  amplitude  of  the  specimen  with  a  concentrator,  the  other  conditions 
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being  equal. 

In  contrast  to  the  concentration  coefficients  aQ  and  aT,  the  magni¬ 
tude  of  the  effective  coefficients  KQ  and  KT  depends  on  the  material 
and  its  state:  these  coefficients  are  lower  in  a  cast  state  in  a  deform- 
ated  state,  and  higher  in  a  hardened  than  in  a  tempered  state;  they  be¬ 
come  reduced  after  chemical  and  heat  treatment  and  surface-hardening; 
they  drop  with  a  rising  stress  gradient;  they  increase  when  the  size  of 
the  crystalline  grains  is  reduced;  K0  and  KT  are  the  higher,  the  more 
homogeneous  the  structure;  they  frequently  rise  together  with  growing 
hardness  and  strength  characteristics  of  the  material;  they  increase  as 
the  absolute  dimensions  increase,  even  when  the  geometrical  similarity 

is  maintained.  The  effective  coefficients  K  and  are  connected  with 

a  t 

the  concentration  coefficients  a  and  a*,  by  the  relations 

C  T 

*.-»  +?.<«.-•) 

where  qo  and  qT  depends  upon  the  shape  and  the  sharpness  of  the  stress 
concentrator,  on  the  absolute  and  relative  sizes,  and  on  the  type  of 
load.  The  distribution  of  stresses  in  a  stretched  lamella  having  an 
opening  is  shown  in  the  Pig. 


Fig.  1)  Max. 


0.  T.  Ivanov 
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STRESS  CONCENTRATOR  -  is  the  source  of  a  Stress  Concentration. 
Transversal  openings,  threads,  key  grooves,  concave  chambers,  concave 
comers,  fillets  and  other  forms  of  design,  further,  the  microrelief 
of  the  surface  with  traces  of  machining,  pores,  cracks,  nonmetallic  in¬ 
clusions  and  other  internal  flaws  in  the  material,  cracks  caused  by 
fatigue  under  a  long-time  effect  of  static  load,  etc.,  all  play  the 
part  of  stress  concentrators. 

G. T.  Ivanov 
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STRESS  CYCLE  -  is  the  series  of  the  subsequent  values  of  alterna¬ 
ting  stresses  during  one  period  of  their  change;  the  stresses  of  the 
cycle  are  expressed  by  the  functions  e  =  cm  +  and  t  =  Tm  + 

+  t_ •  f  ( t ) ,  where  e„,  t  is  the  mean  stress  of  the  cycle,  and  0  ,  t  is 
a''  m  m  '  a  a 

the  amplitude  of  the  c>v.le;  f(t)  is  a  continuous  periodic  function 
characterizing  the  form  of  the  cycle,  alternating  within  the  limits 
— 1  ^  f(t)  <£  +1.  The  function  f(t),  as  a  rule,  must  Le  almost  cycloide, 
when  fatigue  tests  of  specimens  are  carried  out.  The  stress  cycle  is 
represented  graphically. 


G.T.  Ivancv 
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STRESS-CYCLE  AMPLITUDE  -  see  Stress-cvle  ,.nr« 


I-63a 


3881 


I- 92a 


STRESS-CYCLE  ASYMMETRY  —  Inequality  of  the  absolute  maximum  and 
minimum  stresses  of  the  cycle  under  repetitively  alternating  loads.  The 
average  stress  in  an  asymmetric  cycle  is  not  zero.  Many  components  op¬ 
erate  under  asymmetric  conditions:  the  blades  of  gas  turbines,  in  which 
centrifugal  forces  govern  the  mean  stress  of  the  cycle  and  deflection 
oscillations  the  stress  amplitude;  connecting  bolts,  in  which  the  mean 
normal  stresses  result  from  preliminary  tightening;  valve  springs  in 
piston  engines, in  which  the  mean  tangential  stresses  result  from  pre¬ 
liminary  compression  of  the  spring,  etc.  The  index  which  characterizes 
the  degree  of  stress-cycle  asymmetry  is  the  so-called  coefficient  of 
cycle  asymmetry;  it  equals  the  algebraic  ratio  of  the  minimum  stress  in 
the  cycle  to  the  maximum  stress : 

O  T 

r  =  _5S!L'  .  Twi» 

0  *  X  * 

M»ttC 


G.T.  Ivanov 
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STRESS  RANGE  OF  A  CYCLE  -  is  the  algebraic  difference  between  the 
maximum  and  minimum  stress  of  a  cycle;  it  is  equal  to  the  doubled  am¬ 
plitude  of  the  stresses  of  the  cycle: 

amaks~°min  ~  2oa’  Tmax~Tmin  "  2Ta* 


G.  I.  Ivanov 
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STRESS-STRAIN  DIAGRAM  -  graphical  representation  of  the  relation¬ 
ship  between  stresses  and  deformations.  A  distinction  is  made  between 
conventional  and  true  stress-strain  diagrams.  Conventional  stress-strain 
diagrams  are  usually  constructed  on  the  basis  of  results  of  mechanical 
tests  in  the  coordinates  "conventional  stress  (the  normal  stress  c  or 
the  tangential  stress  t  —  conventional  strain  (elongation  6,  reduction 
in  area  if,  relative  shear  7)",  which  sufficiently  accurately  describe 
the  process  of  deformation  in  the  region  of  small  elastic  and  elasto- 
plastic  deformations.  The  characteristic  points  of  conventional  stress- 
strain  diagrams  for  tension  (Fig.  1)  are  the  proportionality  limits 
a  tg,  yield  points  og  (for  materials  which  have  on  the  diagram  a  yield- 
point  plateau  or  projection)  and  the  ultimate  strengths  (for  materi¬ 
als  which  neck  out  under  tensile  loads).  Stress- strain  diagrams  in  the 
coordinates  "true  normal  stress  S  -  reduction  in  cross-sectional  area 
have  come  into  extensive  use.  These  stress-strain  diagrams  are  called 
curves  of  trues  stresses  (Fig.  2),  the  end  point  on  which  characterizes 

the  rupture  strenth,  that  is  the  true  ultimate 
limit  for  an  area  reduction  For  large  deform¬ 
ations  the  linear  relationship  S  =  f(V')  is  approxi¬ 
mately  assumed.  The  continuation  of  the  rectilinear 
segment  of  the  diagram  to  the  left  of  the  ordinate 
axis  =  0)  marks  off  on  this  axis  a  magnitude 

which  is  close  to  the  ultimate  limit  ob.  Extrapolation  of  the  diagram 
to  the  right  to  the  value  V'  =  100#  cuts  off  on  the  ordinate  axis  twice 
the  value  of  the  true  stress  Sb,  which  corresponds  to  maximum  tensile 

388*4 


Fig.  1.  Conven¬ 
tional  stress- 
strain  diagram. 
1)  Pts. 
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load  of  specimens  which  undergo  necking  out.  On  the  basis  of  this 
qualitative  governing  laws  were  proposed  on  a  number  of  methods  for 
constructing  curves  S  =  f(^)  and  empirical  formulas  of  the  relationship 
between  the  true  and  conventional  stresses: 

far  y*<0,15  •»< 

Sd  —  O*  (0,8  +  2,06$*)  fo»  ♦*S»01lf>. 

Using  the  true  stress  curves  of  a  material  it  is  possible,  in  stress 
calculations  of  elements  to  approximately  determine  the  values  of  bend¬ 
ing  and  twisting  moments  in  the  region  of  large  deformations.  Thus,  the 
greatest  (breaking)  bending  moment  is  =  w’l sk+at(k-\)]  ,  where  is 

the  true  rupture  strength,  is  the  ultimate  strength,  W  is  the  section 
modulus,  k  =  2A/W  (A  is  the  static  moment  of  one-half  of  the  cross  sec¬ 
tion  with  respect  to  the  neutral  axis);  for  a  rectangular  bar  k  is  1.5, 
for  a  round  bar  it  is  1. 7.  For  materials  which  fail  by  shear  In  tension 


or  twisting,  the  greatest  twisting  moment  is  M^r  *  «,47.HVf*+  , 

where  WQ  is  the  section  modulus  in  torsion,  k^  =  (a^  18  the  static 

polar  moment),  for  a  round  cross  section  k^  =  4/3.  In  elasticity  and 
plasticity  theories  true  stress-strain  diagrams  are  considered  in  the 
coordinates  "stress  intensity  ^  (or  octahedral  stress  intensity  i.-^Ic,)) 
—  deformation  intensity  e.^  (or  octahedral  deformation  intensity  gn  = 

*1 2  e^."  Use  is  sometimes  made  of  "true  normal  stress  S  —  true  elonga¬ 
tion  e"  curves.  It  is  assumed  that,  in  the  region  of  small  elastoplast- 
ic  deformations  for  the  case  of  a  simple  load,  when  the  directed  stress 
and  strain  tensors  are  equal,  the  Mtn-g^'  curves  are  independent  of  the 
mode  of  the  stressed  state,  which  has  been  confirmed  experimentally  for 
a  sufficient  number  of  metals  and  their  alloys.  However,  for  many  me¬ 
tals  (for  example,  magnesium  alloys,  certain  grades  of  bronze,  high- 
strength  steels,  etc.  )  the  resistance  to  plastic  deformation,  and  in 
particular,  yield  points  which  are  expressed  in  terms  of  true  stresses, 

differ  for  different  modes  of  stressed  states.  In  the  region  of  sub- 

3885 


I-ti3Q2 


Fig.  2.  The  true 
stress  curve. 


stantial  plastic  deformations  the  true  stress- 
strain  diagram  for  the  majority  of  materials  de¬ 
pends  on  the  kind  of  loading.  Satisfactory  agree¬ 
ment  is  given  by  stress-strain  diagrams  only 
for  pure  metals,  steels  and  alloys  which  have 
been  annealed  or  highly  cempa*ed;  here  a  percepti¬ 
ble  divergence  in  the  values  of  limiting  plasti¬ 


city  is  observed  even  for  pure  metals. 


References:  Fridman,  Ya.B. ,  Mekhanicheskiye  svoystva  metallov 
[Mechanical  Properties  of  Metals],  2nd  Edition,  Moscow,  1952;  Markovets, 
M. P. ,  Diagrammy  istinnykh  napryazheniy  i  raschet  na  prochnost 1  [True 


Stresses  Diagrams  and  Strength  Calculations],  Moscow,  19^7* 


N.V.  Kadobnova 
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STRIATION  OP  ALUMINUM  ALLOYS  is  a  defect  having  the  form  of  a 
series  of  parallel  stripes  on  the  surface  of  sheet.  Striation  is  formed 
as  a  result  of  friction  (with  vibration)  of  turn  on  turn  with  insuffi¬ 
cient  tension  of  rolls  after  hot  rolling.  Striation  has  no  effect  on 
the  mechanical  and  corrosional  properties  of  the  sheets,  but  deterio¬ 
rates  their  external  appearance  markedly.  This  is  an  unacceptable  de¬ 
fect  for  sheets  which  are  to  be  used  for  articles  with  high  require¬ 
ments  on  decorative  appearance. 

Ye,D.  Zakharov 
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STRING  —  see  Cordage. 
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STRUCTURAL  CJMENTAELE  STEEL  -  steel  Intended  for  the  manufacture 
of  components  with  cementable  (very  hard,  wear- resistant)  surface  lay¬ 
ers.  Table  1  shows  the  chemical  composition  of  these  steels.  In  certain 
cases  (e.g.,  in  the  manufacture  of  cemented  gears)  the  C  content  is 
raised  to  0.25-0.30#.  This  ensures  high  core  hardness,  makes  it  possi¬ 
ble  to  reduce  the  thickness  of  the  cemented  layer,  and  consequently 
curtails  the  cementation  time. 


Fig.  1.  Influence  of  tempering  temperature  on  the  mechanical  character¬ 
istics  of  15KhA  steel  (quenching  from  900®  in  oil).  1)  kg/fam2;  2)  tem¬ 
pering  temperature,  ®C;  3)  kg-m/cm2. 


Fig.  2.  Influence  of  tempering  temperature  on  the  mechanical  character¬ 
istics  of  12KhN3A  steel  (quenching  from  900®  in  oil),  l)  kgA®2;  2) 

2 

tempering  temperature,  ®C;  3)  kg-m/cm  . 
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Pig.  3.  Influence  of  tempering  temperature  on  the  mechanical  character¬ 
istics  of  12Kh2N4A  steel  (quenching  from  900°  In  oil),  l)  kg/mm2;  2) 

p 

tempering  temperature,  °C;  3)  kg-m/cm  . 


Pig.  4.  Durability  of  15Kh2GN2TRA  steel  on  cantilever  bending  (quench¬ 
ing  from  860°,  tempering  at  200°  with  preliminary  normalization  at  950°) 

p 

l)  Stress  amplitude,  kg/mm  ;  2)  number  of  cycles  to  fracture;  3)  un¬ 
notched  specimens;  4)  notched  specimens. 
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Fig.  5*  Durability  of  12Kh2NVFA  steel  on  cantilever  bending  (quenching 
from  900°  in  oil,  tempering  at  550°).  l)  Stress  amplitude,  kg/mm2;  2) 
number  of  cycles  to  fracture;  3}  unnotched  specimens;  4)  notched  speci¬ 
mens. 


Pig.  6.  Hardenabillty  of  15Kh2GN2TRA  steel:  1)  0.13*  C,  1.0*  Mn,  0. 13* 
SI,  1.7*  Cr,  0.11*  Ni,  0.003*  B;  2)  C.13*C,  1.0*  Mn,  0. 13*Si,  1.7* 
Cr,  1.61*  Nl,  and  0.003*  B:  3)  0.13*  C,  1.0*  Mn,  0.13*  Si,  1.7*  Cr, 
1.6l*  Nl,  and  0.004*  E.  a)  Distance  fror.  cooled  end,  mm. 
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The  steels  most  commonly  used  for  cementation  are  15KhA,  l8KhQT, 
15Kh2GW2TRA,  SOKhQKR,  12KHN3A,  12Kh2N4A,  l8KhNVA,  12Kh2NVPA  (EI712), 
15Kh2QW2VPA  (EP176,  DI3A),  and  19KhON2VMP  (DI2). 

After  annealing  or  normalization  and  tempering  the  Brlnell  hard¬ 
ness  of  cementable  structural  steel  (d0^n)^  ^*0  ”»•  Plgures  1-3  show 
the  Influence  of  postquenching  tempering  on  the  mechanical  characteris¬ 
tics  of  these  steels,  while  Pigs.  4-5  represent  their  durability.  Table 
2  shows  the  forging  and  heat- treatment  regimes  and  applications  of 
these  steels.  The  mechanical  characteristics  of  certain  types  of  ce¬ 
mentable  structural  steel  are  given  In  Tables  3-4*  while  their  physical 
characteristics  are  given  in  Table  5  and  their  critical  points  In  Table 
6. 

The  modulus  of  elasticity  of  cementable  structural  steels  Is  20,000 
kg/tan2.  The  modulus  of  elasticity  varies  as  the  temperature  Is  raised 
In  the  same  manner  as  for  carbon  steel  (see  Carbon  structural  shaping 
stael).  Figures  6-7  show  the  hardenablllty  of  cementable  structural 
steels. 

The  core  structure  Is  governed  by  the  composition  of  the  treated 
steel  and  the  heat-treatment  regime  adopted,  principally  the  quenching 
temperature.  The  core  of  a  component  of  hlgh-alloy  steel  (12KhN3A, 
12Kh2N4A,  l8KhNVA,  etc. )  consists  of  ferrite  and  martensite.  Structur¬ 
ally,  the  cemented  layer  consists  of  finely  atlcular  martensite  and  ex¬ 
cess  carbides  in  the  form  of  globules;  precipitation  of  these  carbides 
In  the  form  of  a  network  or  coarse  aggregates  is  not  permissible. 

When  hlgh-alloy  steel  of  this  type  Is  quenched  the  cemented  layer 
retains  a  large  quantity  of  residual  austenite,  which  considerably  re¬ 
duces  its  hardness.  In  order  to  Increase  its  hardness  it  is  subjected 
to  cold  treatment  (at  -70*)  Immediately  after  quenching  (Pig.  8).  The 
residual  austenite  can  also  be  eliminated  by  high  tempering.  In  addl- 
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Chemical  Composition  of  Crwentablo  St- rue;  ■>  il  CU.i  in 
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from  850°  in  oil,  tempering  at  I60-I8O0;  31)  quenching  from  860°  in  oil 
tempering  at  170°;  32)  quenching  from  860°  in  oil,  quenching  from  780- 
810°  in  oil,  tempering  au  130-170°;  33)  quenching  from  900  in  air, 
quenching  from  850-860°  in  air,  tempering  at  150-170°;  34)  quenching 
from  760-810°  in  oil,  tempering  at  150-170°:  35)  quenching  from  85Q  in 
oil,  tempering  at  250°;  36)  quenching  from  820-860°  in  oil,  tempering 
at  170-190*;  36)  quenching  from  820-860°  in  oil,  tempering  at  170-190  ; 
37)  small  components  up  to  30  mm  thick;  38)  gears,  load-bearing  com¬ 
ponents;  39)  stressed  gears,  shafts,  double  gears:  40)  double  gears, 
shafts;  41)  gears,  cam  shafts,  axles,  rollers;  42)  shafts,  cam  shafts, 
stressed  gears;  43)  stressed  gears,  double  timing  gears,  elastic-trans¬ 
mission  gears,  shafts,  roller  axles;  44)  transmission  gears  to  operate 
at  up  to  280°;  45)  heavily  stressed  gears,  double  timing  gears,  trans¬ 
mission  gears  to  operate  at  up  to  250°;  46)  stressed  gears,  shafts. 

TABLE  3 

Mechanical  Characteristics  of  Cementable  Structural 

Steels  (no  less  than) 
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l)  Steel;  2)  GOST  or  TU;  i)  state  of  control  specimens;  4)  kg/inm  ;  5) 


kg-m/cm2;  6)  15KhA;  ?)  lSKhQT:  8)  15Kh2GN2TRA ;  9)  20KhGWR;  10)  12KhN3A; 

11)  12Kh2N4A;  12)  l8KhNVA;  13)  12Kh2NVPA  (EI712);  14)  15Kh2GN2VFA  (EP- 
176,  DI3A);  15)  l°KhGN2VMF  (DI2);  GOST;  17)  ChMTU;  18)  MPTU:  19)  nor¬ 
malization  at  940°,  quenching  from  860*  in  water  or  oil,  quenching  from 
770-820*  in  water  or  oil,  tempering  at  150-170°;  20)  normalization  at 
970°,  quenching  from  880°  In  oil.  quenching  from  970°  in  oil,  tempering 
at  200  +  10°  in  water  or  oil;  2l)  nonr.allzatlon  at  9®0°,  quenching  from 
8OO-85O'"  in  oil,  tempering  at  l60-l80°;  22)  normalization  at  950°, 
guenchlng  from  ob0°  in  cil,  tempering  at  170* ;  23)  normalization  at 
540-880°,  quenching  from  860*  In  oil,  quenching  from  780-010*  In  oil, 
tempering  at  150-17C*;  24)  normal lzat ion  at  880*,  quenching  from  780- 
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810°  in  oil,  tempering  at  150-170°;  25)  normalization  at  920-980°, 
quenching  from  950°  In  air,  quenching  from  850-860°  in  air,  tempering 
at  1,50-170°;  26)  normalization  at  920°;  quenching  from  850°  in  oil, 
treatment  at  -70°,  tempering  at  250°;  27)  normalization  at  950°,  quench¬ 
ing  from  820-860°  in  oil,  tempering  at  170-190°;  28)  normalization  at 
950°,  quenching  from  820-860°  in  oil,  tempering  at  160-200°. 

TABLE  4 
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1)  Steel;  2)  heat  treatment;  3)  temperature  (°C);  4)  kg/mm2;  5)  kg-m/ 

/err2;  6)  l8KhUVA;  7)  12KhN3A;  8)  12Kh2NVFA  (EI712);  9)  quenching  from 
860°  in  oil,  tempering  at  560°;  10)  quenching  from  880-900°  in  oil,  tem¬ 
pering  at  500°;  11)  normalization,  tempering  at  500°. 
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Physical  Characteristics  cf  Cernentable  Structural 
Steels 
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NVA;  7)  15Kh2GN2TRA;  8)  12Kh2MVFA  (EI712);  9)  15Kh2GN2VFA  (EPI76,  DI3A); 
10)  19KhGN2VMF  (DI2). 


tion,  subsequent  quenching  makes  It  possible  to  obtain  homogeneous 
finely  acicular  martensite  containing  uniformly  distributed  dispersed 
austenitic  areas  and  ensures  a  very  high  durability. 

Cemented  steels  are  readily  welded  by  any  method  (in  the  uncemen- 
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TABLE  6 

Critical  Points  of  Cementa- 
ble  Structural  Steels 
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(EP176,  DIjA);  11)  19KhGN2VMF  (DI2). 
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Fig.  7.  Hardenability  of  12Kh2NVFA  steel  after  normalization  at  910° 
and  tempering  at  550°  (0.13#  C,  1.90#  Cr,  1.10#  Ni,  1.03#  W,  and  0. 15# 
V).  l)  Distance  from  center,  mm. 
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Fig.  8.  Hardness  of  cemented  l8KnNVA  steel:  l)  Hardness  after  cementa¬ 
tion;  2)  hardness  after  cementation  and  quenching  from  780°  in  oil;  3) 
hardness  after  supplemental  cooling  to  -70°.  a)  Depth  of  cemented  layer, 
mm. 


ted  zone).  Those  areas  of  the  component  containing  severe  stress  con¬ 
centrators  must  be  protected  against  cementation;  areas  subject  to  sub¬ 
stantial  tensile  stresses  should  also  be  left  uncemented. 

Types  12KM3A,  l8KhNVA,  12Kh2N4A,  12Kh2NVFA,  15Kh2GN2VFA,  and 
19KhGN2VMF  steel  can  also  be  used  as  uncemented  structural  steels  for 
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components  intended  to  operate  at  300-500°. 

References :  Kontorovich,  I. Ye.,  Termicheskaya  obrabotka  stall  i 
chuguna  [Heat  Treatment  of  Steel  and  Pig  Iron],  Moscow,  1950;  Minkevich, 
A. N. ,  Khimikotermicheskaya  obrabotka  stall  [Chemical-Thermal  Processing 
of  Steel],  Moscow,  1950;  Spravochnik  po  mashinostroltel 'nym  materialam 
[Handbook  of  Machine-Building  Materials],  Vol.  1,  Moscow,  1959. 

M.P.  Alekseyenko 
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STRUCTURAL  CERAMICS  -  are  ceramic  materials  used  in  machine  build¬ 
ing  as  structural  elements  with  an  elevated  chemical,  thermal,  mechani¬ 
cal,  and  electrical  stability.  Depending  on  the  requirements,  struc¬ 
tural  ceramics  may  have  diverse  physiocochemical  properties  and  consist 
of  the  following  materials:  a)  sintered  oxides  (AlgO^;  MgO;  BeO;  Zr02; 
ThC>2,  etc.  );  b)  sintered  silicates  and  aluminates  (porcelain,  mulllte, 
steatite,  spinel,  corundo-mullite,  etc.};  c)  sintered  carbides,  ni¬ 
trides,  borides,  etc.;  d)  sintered  cermets.  The  heatproofness  of  ceram¬ 
ic  materials  surpasses,  as  a  rule,  1300°  and  reaches  up  to  4000° 

(hafnium  carbide,  for  example).  Structural  ceramics  are  characterized 
by  a  high  inertness  to  oxidation  (apart  from  carbides,  sulfides  and 
phosphides)  and  a  low  specific  gravity  in  comparison  with  metals  and 
their  alloys.  (For  a  comparison  of  the  thermomechanical  properties  of 
some  types  of  ceramic  materials  see  the  Table  in  the  article  Ceramics). 
Besides  the  high  thermomechanical  porperties,  the  structural  ceramics 
are  characterized  by  a  high  hardness  (up  to  92-93  according  to  Rockwell) 
and  a  good  resistance  to  abrasion,  which  explains  their  use  as  wear- 
resistant  parts  and  tools.  The  change  of  the  hardness  of  corundum 
(TsM-332)  and  metallic  (Rl8,  VK15,  T15K5,  T30K4,  VK2,  and  VK6)  tool  ma¬ 
terials  as  a  function  of  the  temperature  is  shown  in  the  Figure. 

Structural  ceramics  are  used  for  the  production  of  cutting  tools, 
gages,  bearings,  spinnerets,  dies,  thread  guides,  abrasion-resisting 
supporting  pieces,  nozzles,  turbine  blades,  in  rocket  engineering  and 
nucleonics.  The  application  of  structural  ceramics  is  especially  import¬ 
ant  in  modern  engineering  where  high  requirements  are  presented  to  the 
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materials  concerning  the  thermomechanical  and  corrosion  properties.  The 
outside  of  the  first  American  satellite  Explorer,  for  example,  was 
coated  with  a  layer  of  corundum  ceramic.  Uncooled  jet-engine  nozzles 
may  be  made  from  a  high- refractory  ceramic  of  the  Chromal  type.  Sinter¬ 
ed  beryllia  is  used  as  a  moderator  in  nuclear  reactors,  and  sintered 
thoria  as  fuel  elements  of  reactors.  The  fields  of  the  successful  appli¬ 
cation  of  structural  ceramics  in  machine  building  are  yet  not  fully 
clarified.  The  brittleness  of  the  ceramics  is  the  main  hindrance  for 
their  wide  application. 


Pig.  Change  of  the  hardness  of  tool  materials  as  a  function  of  the  tem¬ 
perature:  1)  Rl8j  2)  VK15;  3)  VK6;  4)  T15K6;  5)  T30K4;  6)  VK2;  7)  TsM322. 
A)  Vickers  hardness,  kg/mm2;  B)  temperature,  °C. 


Ya.M.  Pavlushkin 
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STRUCTURAL  PLASTICS  -  nonmetallic  materials  based  on  natural  or 
synthetic  polymers  and  suitable  for  the  manufacture  of  instrument  and 
machine  components  and  various  finished  products  and  structures.  There 
are  also  technological  plastics  (ion-exchange  resins,  materials  for 
casting  models,  movie  film,  etc.).  Structural  plastics  should  not  be 
regarded  as  identical  to  polymers,  since  uhe  former  are  compositions  of 
various  components,  including  nonpolymer  materials. 

Classification  of  Plastics 

Plastics  are  classified  In  accordance  with  composition,  structure, 
characteristics,  production  variety,  processing  method,  functional  pur¬ 
pose,  and  field  of  application. 

There  Is  no  unified  terminology  of  and  classification  for  plas¬ 
tics.  The  term  structural  plastics  is  sometimes  used  to  mean  machine- 
building  plastics,  which  are  employed  In  instrument  and  machine  build¬ 
ing  and  classified  as  architectural  plastics,  which  are  used  in  sta¬ 
tionary  structures.  Plastics  which  need  not  satisfy  high  requirements 
for  mechanical  characteristics  (heat -insulating,  decorative,  and  other 
materials)  are  often  excluded  from  the  category  of  structural  plastics. 
The  majority  of  plastics  serve  several  functions  in  finished  products, 
giving  them  both  the  requisite  strength  and  rigidity  (or  deforuabillty ) 
and  special  characteristics  (electrical -insulating  properties,  acld-re- 
slstance,  optical  transparency,  etc.).  Such  plastics  are  accordingly 
referred  to  as  electrical -insulating,  acid-resistant,  transparent,  etc. 
Materials  from  which  finished  products  are  fabricated  should  have  the 
minimum  permissible  physlcomechanlcal  characteristics  and  technological 
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and  economic  indices.  It  is  consequently  best  not  to  distinguish  an  ar¬ 
bitrary  class  of  structural  plastics,  but  to  evaluate  the  feasibility 
of  using  a  given  plastic  as  a  standard  structural  material. 

The  Committee  of  Standards,  Measures,  and  Measuring  Instruments  of 
‘he  Council  of  Ministers  USSR  has  recommended  that  plastics  be  classi¬ 
fied  by  the  chemical  composition  of  their  principal  component,  the 
binder,  which  gives  the  composition  its  ability  to  become  plastic,  be 
molded,  and  set,  fixing  the  desired  shape.  In  many  cases  plastics  con¬ 
sist  of  several  organic  and  Inorganic  substances,  including  a  binder,  a 
filler,  plasticizers,  stabilizers,  dyes,  hardeners,  thickeners,  and 
other  additives.  The  composition  and  structure  of  a  plastic  (particu¬ 
larly  the  character  of  the  binder,  whether  it  is  a  thermal  or  reactive 
plastic)  govern  the  methods  that  can  be  used  to  fabricate  components 
from  it  and  the  physicomechanical  characteristics  of  tne  finished  prod¬ 
uct.  We  can  distinguish  unfilled  plastics,  which  include  organic  glass, 
films,  etc.,  and  filled  plastics;  addition  of  fillers  to  the  latter  in¬ 
creases  their  mechanical  strength,  hardness,  rigidity,  and  thermosta¬ 
bility,  reduces  their  creep,  intensifies  their  frictional  or  antlfric- 
tional  characteristics,  and  sometimes  reduces  their  cost.  Filled  plas¬ 
tics  are  classified  by:  l)  the  composition  of  the  filler  (glass  plas¬ 
tics,  asbestos  plastics,  wood  plastics,  etc.);  2)  by  the  form,  size, 
and  structure  of  the  filler  (plastics  with  an  unoriented  structure, 
which  have  more  or  less  uniform  characteristics  in  all  directions, 
plastics  with  an  oriented  structure,  which  are  distinguished  by  severe 
anisotropy  of  properties,  and  gas -filled  plastics,  such  as  plastic 
foams  and  cellular  plastics).  Plastics  with  an  unoriented  structure  in¬ 
clude:  a)  plastic  foams,  amino  plastics,  etc.,  which  contain  powdered 
fillers  (sawdust,  finely  ground  minerals);  b)  plastics  with  lumpy  fill¬ 
ers  (pieces  of  cloth  or  plywood,  flakes  of  mica);  c)voloknits  with  ran- 
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domly  arrayed  short  fibers  of  cellulose  (vclcknlt),  glass  (glass  volok- 
nit),  asbestos,  etc.  Fibrous  and  powdered  fillers  are  combined  to  in¬ 
crease  the  flowability  of  the  finished  plastic  during  pressing,  reduce 
its  shrinkage,  and  improve  its  appearance.  Plastics  with  an  oriented 
structure  include:  a)  laminated  plastics,  such  as  textolite,  glass  tex- 
tolite,  asbestos  textolite,  delta-wood,  getinaks,  SVAM  with  a  glass  ve¬ 
neer  coating,  etc.;  b)  plastics  with  a  unidirectional  structure  con¬ 
sisting  of  parallel  fibers,  threads,  or  coarse  linen  (SVAM,  AG-4s). 

Plastics  containing  no  fillers  but  subject  to  uniaxial  or  planular 
tension  may  also  have  an  oriented  structure.  Plastics  based  on  ten¬ 
sioned  untwisted  fibers  (as  in  cloth)  can  be  unifonnly  strong  in  two 
directions  or  in  all  directions  in  a  given  plane.  Such  plastics  differ 
from  textolites  in  their  higher  modulus  of  elasticity  and  lower  tensile 
elongation. 

General  Evaluation  of  Plastics  as  Structural  Materials 

Plastics  are  characterized  by  diverse  and  specific  physicochemical 
and  mechanical  properties,  ease  of  processing,  and  availability  of  raw 
materials.  Table  1  shows  a  comparison  of  the  typical  characteristics  of 
plastics  and  other  structural  materials. 

The  principal  advantages  of  plastics  are  low  specific  gravity, 
satisfactory  strength,  high  specific  strength,  friction  and  antifric¬ 
tion  characteristics,  damping  capacity,  chemical  stability,  dielectric 
characteristics,  and  heat -insulating  properties,  optical  transparency 
(in  certain  types),  good  appearance,  low  labor  consumption  in  the  manu¬ 
facture  of  finished  products,  and  low  cost. 

The  most  important  advantage  of  plastics  is  the  fact  that  compo¬ 
nents  of  complex  configuration  can  be  fabricated  by  high -productivity 
automated  plasticizing  processes  (pressing,  pressure  casting,  extru¬ 
sion,  rolling,  etc. )  without  laborious  machining  and  loss  of  material 
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TABLE  1 

Characteristics  of  Various 
Structural  Materials  (+ 
Characteristic  Present,  - 
Characteristic  Absent) 
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Plastics  are  lighter  than  aluminum  alloys  by  an  average  factor  of 
2  and  than  steel*  cast  iron,  or  copper  alloys  by  a  factor  of  5 ;  the 
bulk  weight  of  plastic  foam  is  less  than  one -tenth  that  of  metals. 

The  principal  drawbacks  of  plastics  are  limited  heat  resistance 
(depending  on  ir-  composition,  most  plastics  can  function  satisfac¬ 
torily  only  at  temperatures  of  60-400°),  susceptibility  to  aging  (irre¬ 
versible  changes  in  structure  and  composition  leading  to  loss  of  valu¬ 
able  technical  characteristics),  hygroscopicity  (in  certain  types),  and 
mechanical  characteristics  highly  sensitive  to  changes  in  temperature. 

Many  of  the  shortcomings  of  plastics  can  be  overcome  by  selection 
of  an  appropriate  technological  process,  proper  designing,  and  correct 
selection  of  the  type  of  material  to  be  used,  taking  into  account  the 
conditions  under  which  the  finished  product  is  to  operate  and  the  modi¬ 
fications  of  plastics. 


Ir  fc  Lit 


o  notabMoiX  o  *  mtUAoir 


Pig.  1.  Rigidity  and  strength  of  thin-walled  cylinders  of  equal  weight 
(61y1  *  52y2^  fabricated  fro®  duralumin  (1)  and  glass  textolite  (2): 

a)  Cantilever  bending  under  concentrated  stress;  b)  loss  of  strength 
during  bending;  c)  loss  of  strength  under  external  pressure.  and 

Pjcr  are  tbe  critical  bending  moment  and  critical  bending  force. 
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fT,  t‘C 


O 

Pig.  2.  Tensile  strength  on  brief  unilateral  heating  (q  =  20  kcal/m  • 

sec,  coefficient  of  heat  transfer  -150  kcal/m  • hr* degree  of  FN  sheet 
glass  textolite  (6=3  mm)  and  D16AT  duralumin  (6  -  1.8  ram)  of  equal 

p 

weight  (4.85  kg/m  ):  a)  temperature  distribution  over  cross-section  W 
[tg  is  the  temperature  on  the  "hot"  (heated)  side  and  t^  the  tempera¬ 
ture  on  the  "cold"  side];  b)  variation  in  temperature  with  t?"!e;  c) 
tensile  stress  as  a  function  of  heating  time.  1)  FN;  2)  D16AT ;  3)  time, 

O 

min;  4)  kg/mm  . 


Fig.  3.  Long-term  tensile  strength  of  FN  glass  textolite  (1)  and  D16AT 

p 

duralumin  (2).  a)  kg/mm  ;  b)  time  to  fracture,  hr. 


Fig.  4.  Fatigue  strength  (0^)  In  %  of  static  strength  (0^)  for  glass 

plastics  and  metals:  1)  FN  glass  textolite;  2)  EF-32-301  glass  texto¬ 
lite;  3)  D16AT;  4)  30  KhQSA.  a)  Number  of  cycles  to  fracture. 
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Whether  or  not  a  given  plastic  can  be  used  principally  for  load- 
bearing  components  is  determined  primarily  by  its  mechanical  character¬ 
istics.  The  basic  mechanical  characteristics  of  plastics,  certain  al¬ 
loys,  cast  iron,  and  steels  are  shown  in  Table  2. 

The  short-term  strength  of  plastics  ranges  from  1  to  10,000  kg/cm  , 
but  is  generally  lower  than  that  of  structural  metallic  alloys  (except 
for  certain  reinforced  plastics).  Gravimetric  strength  strength  is 
sometimes  more  Important  than  absolute  strength,  the  former  being  the 
length  at  which  a  filament  or  rolled  sheet  fails  under  its  own  weight, 
Lrazr  =  °b^Y  (measured  in  km  if  is  in  kg/mm  and  y  is  in  g/cnr);  al¬ 
so  important  is  the  number  of  revolutions  required  for  a  propeller 
blade  to  fail  under  the  action  of  centrifugal  forces,  n  =  F(R,  S), 

where  F  is  a  function  of  the  radius  of  the  blade  R  and  its  cross-sec¬ 
tional  area  S,  etc.  The  specific  strength  (o^/y)  of  unfilled  isotropic 
plastics  is  equal  to  or  slightly  less  than  that  of  metals;  the  specific 
strength  of  anisotropic  plastics  with  oriented  reinforcement  is  2-3 
times  that  of  metals.  A  high  specific  strength  does  not  always  mean 
that  a  material  is  structurally  advantageous,  since  its  rigidity  is  al¬ 
so  Important.  Plastics  of  low  rigidity  are  undesirable  because  of  the 
large  changes  in  the  size  and  shape  of  loaded  components  and  their  low 
efficiency  when  operating  in  combination  with  metals.  For  example,  the 
3^/y  of  synthetic  fibers  Is  higher  than  that  of  steel,  but  their  E  is 
lower  by  a  factor  of  30-150,  so  that  when  they  are  used  for  basket  cov¬ 
erings  for  steel  vessels  subjected  to  high  internal  pressure  the  metal 
is  only  slightly  deloaded  during  deformation  of  the  vessel  walls;  tight 
winding  is  better,  but  the  stresses  In  the  polymer  relax  with  time  and 
the  hardening  resulting  from  surface  pressure  disappears.  The  high 
elasticity  or  plasticity  of  plastics  reduces  their  sensitivity  to 
stress  concentrators  and  Increases  their  fracture  resistance  under  lm- 
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pact  loads.  Some  plastics  have  a  tensile  elongation  and  Impact  strength 
lower  than  those  of  metal s,  while  in  others  these  Indices  are  higher. 
Nylon  propellers  are  more  resistant  to  orrosion  and  to  breakage  on 
striking  the  ground  or  ice  than  bronze  or  brass  propellers;  they  are 
now  being  successfully  used  on  small  craft.  Glass  plastics  and  unfilled 
plastics  in  the  vitrified  state  have  no  flowabillty  base  (reserve  plas¬ 
ticity),  so  that  their  capacity  fur  stress  redistribution  under  short¬ 
term  loads  is  lower  than  that  of  metals.  Large  notches  are  more  danger¬ 
ous  in  glass  textulite  than  in  metals  on  rapid  loading;  conversely,  on 
prolonged  static  or  cyclio  loading  (when  relaxation  of  stresses  is  pos¬ 
sible)  the  sensitivity  of  glass  textolite  to  stress  concentrations  is 
lower  than  that  of  metals  (by  a  factor  of  1.5-3>  depending  on  the  mag¬ 
nitude  of  the  stresses,  the  temperature,  and  the  direction  of  the  forc¬ 
es).  Plastics  have  a  lower  modulus  of  elasticity  than  metals,  although 
the  E  of  glass  plastics  may  exceed  that  of  magnesium  alloys.  The  ten¬ 
sile  and  compressive  moduli  of  elasticity  are  similar  for  the  majority 
of  materials.  The  range  over  which  E  and  especially  E/y  vary  is  narrow¬ 
er  (by  a  factor  of  up  to  50.  nan  for  c^.  The  extension-compression  ri¬ 
gidity  of  laminated  wood  plastics  appro  .  .mates  that  of  metal,  while 
glass  plastics  may  have  a  still  higher  rigidity.  The  index  E/y  is  im¬ 
portant  for  components  such  as  rotating  compressor  blades:  the  elonga¬ 
tion  Ai  =  (y/e)*F(R,  S,  n)  <  AH,  where  AH  is  the  gap  between  the  end  of 
the  blade  and  the  housing  wall. 

Figure  1  shows  the  values  of  E  and  y  for  the  deformabillty  and 
strength  of  thin -walled  cylinders. 
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TABLE  2 


Principal  Mechanical  Characteristic:'  of 
Comparison  with  Those  of  Certain  Alloys, 
and  Steel* 


Plastics  in 
Cast  Iron, 


B 


I 

i 
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NOTES  AND  KEY  TO  TABLE  2 

Notes :  1.  Typical  values  are  0. 9-l*4.  2.  Typical  values  are  1.1-2. 0. 

3.  Up  to  50j*  in  etrols.  4.  Unidirectional. 

*  Note:  These  indices  were  obtained  by  standard  test  methods  for 
the  materials  in  question.  The  number  in  parentheses  indicates  the 
place  of  the  material  in  decreasing  order  with  respect  to  the  charac¬ 
teristic  under  consideration.  The  strength  values  given  are  for  exten¬ 
sion;  those  for  anisotropic  plastics  are  for  loading  in  the  plane  of 
the  layers  or  fibers  in  the  direction  of  greatest  strength.  The  com¬ 
pressive  strength  of  laminated  plastics  and  oriented  voloknits  (paral¬ 
lel  to  the  reinforcement)  is  lower  than  their  tensile  strength,  while 
that  of  press -powders,  cast  iron,  and  certain  other  materials  is  higher. 

l)  Material;  2)  specific  gravity;  3)  strength;  4)  ultimate  strength 
(kg/cm2);  5)  specific  strength  (c^/yJ'lO"*2  (kg/cm2 )/(g/cm3);  6)  rigid¬ 
ity;  7)  modulus  of  elasticity  E*10“3  (kg/cm2);  8)  specific  rigidity 
(E/y)*10“3  (kg/cm2)/(g/cm3);  9)  tensile  elongation  (#);  10)  impact 

p 

strength;  11)  absolute  impact  strength  on  bending  a  (kg*cm/cm  );  12) 

p  O 

specific  impact  strength  {a/7)  =  ( kg •  cm/cm  )/(g/crrr);  13)  plastic 
foams;  14)  unfilled  plastics;  15)  unoriented  plastics.  Including;  16) 
organic  glass;  17)  polyamides;  lo)  fluorine -containing  plastics;  19) 
oriented  plastics  (fibers);  20)  plastics  with  powdered  or  unoriented 

fibrous  fillers;  21)  filled  plastics  with  an  oriented  structure;  22) 
laminated  plastics,  including;  23)  textolites;  24)  glass  textolites; 

25)  laminated  wood  plastics;  26)  uniform -strength  SVAM  (1:1);  27)  fi¬ 
brous  plastics,  including;  28)  type  AG-4S  voloknit;  29)  anisotropic 
SVAM  (10:1);  30)  wound  glass  plastics  with  a  strength  ratio  of  2:1 
(prospective);  31 )  magnesium  alloys;  32)  aluminum  alloys;  33)  titanium 
alloys;  34)  cast  iron;  35)  steel. 


As  the  temperature  falls  (the  range  down  to  -196°  has  been  most 
thoroughly  studied)  the  static  strength  and  modulus  of  elasticity  of 
the  majority  of  plastics  increase,  their  impact  strength  and  fatigue 
strength  remain  essentially  the  same,  and  their  long-term  strength  and 
creep  are  improved.  This  increase  in  characteristics  is  more  pronounced 
in  thermal  than  reactive  plastics  and  in  unfilled  than  filled  plastics. 

The  mechanical  characteristics  of  plastics  decrease  at  elevated 
temperatures,  but  they  are  capable  of  operating  in  combination  with 
metals  under  these  conditions  (see  Table  3)» 

Plastics  function  better  than  metals  on  brief,  intensive  unilater¬ 
al  heating  (Fig.  2).  Nonuniform  temperature  gradients  through  the 
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thickness  of  the  component,  which  are  due  to  differences  in  the  thermal 
conductivity,  heat  capacity,  and  degree  of  blackness  of  the  material 
and  nonlinearity  of  the  temperature  function  of  on  uniform  heating, 
play  a  role  in  this  phenomenon. 

Figure  3  shows  the  long-term  tensile  strength  of  a  heat-resistant 
glass  plastic  and  of  duralumin  on  heating  to  200°.  Table  4  shows  the 
fatigue  characteristics  of  glass  textolites  with  phenolic  and  epoxy 
binders  (along  the  warp)  and  of  duralumin. 


TABLE  3 

Influence  of  Temperature 
on  the  Mechanical  Charac¬ 
teristics  of  SK-9F  Glass 
Textolite  (l)  and  D16AT 
Duralumin  (2) 


1  .  3 

|  J  TcxnepaTyp*  (*C) 

IIOKaSgTCJIH 

\n 

20 

100 

200 

300 

4  ^  ' 

ob  (w  cm') 

i 

37 

38 

34 

31 

2 

44 

33 

15 

_  ,  f  «•<:.«') 5 

21.8 

21  .2 

20 

18.2 

j  2 

15.8 

14.7 

11.9 

5,3 

y 

! 

2220  1 

2200 

21  70 

2050 

(KIMM')  ° 

2 

2900 

8350  , 

5350 

41  50 

E  (M-'JH1) 

i 

1300 

1290 

jl  270 

1200 

V  (•**'•») 

2  | 

2480 

2300  | 

1930 

1500 

1  j 

12.5 

12.5 

1  12.5 

9.2 

(Kl  MM') 

•> 

29 

27.5 

1  255 

11.5 

<Jr„  (HV  CM*) 

I  '  1 

7 . 4  j 

7.4 

I  7’* 

i  5.3 

V  (**'■*) 

j  2  | 

10. 

<♦ .  H 

1*  .  }  | 

4.1 

1)  Characteristic;  2)  ma¬ 
terial;  3)  temperature  (°C); 

4)  kg/cm2;  5)  (kg* cm^ )/(mm2* 

•g);  6)  kg/mm  . 


The  fatigue  strength  of  glass  plastics  and  metals  varies  similarly 
as  a  function  of  the  number  of  fatigue  cycles  (Fig.  4).  Glass  texto¬ 
lites  have  a  lower  durability  than  D16AT  or  30KhTSA,  but  their  sensi¬ 
tivity  to  cyclic  loads  (the  ratio  o^/o^)  is  approximately  the  same  as 
that  of  these  materials. 
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Pig.  5«  Anisotropy  of  ultimate  bending  strength  (1)  and  impact  strength 
during  bending  (2)  of  glass  plastics  with  fibrous  reinforcement;  a) 
isotropic;  b)  oriented  glass  plastic;  c)  laminated  glass  plastic;  d) 
uniformly  strong  laminated  glass  plastic. 


TABLE  4 

Durability  of  Glass  Texto- 
lites  and  Duralumin* 


Marepna.i  , 

Tcmiic- 

pATypa 

o  O- ' 
(•}/.**>) 

(KS'M') 

Y  (mm1  e) 

- 

CTCKJI'./TCKCTO- 

20 

8.5— 9.5 

4 . 7—5 . 2 

Jill  Till 

1  50 

0-10 

5.0-5.H 

250 

3. 5-5.0 

1  ,9-2.8 

20 

14.0 

5.0 

1  50 

12.8 

4 . 5 

6 

25" 

In  u 

3.6 

*  Based  on  10?  cycles  (co¬ 
efficient  of  cycle  asymme¬ 
try  r  =  -1). 

1)  Material;  2)  temperature  (°C);  3)  kg/mm2;  4)  (kg*ciP)/(mm2*g).;  5) 
glass  textclites;  6)  duralumin. 


Pig.  6.  Modulus  of  normal  elasticity  (l)  and  shear  modulus  (2)  as  a 
function  of  direction  (angle  a)  of  deformation  parallel  to  layers  for 
KAST-V  glass  textolite.  a)  kg/cm2;  b)  woof;  c)  warp. 
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Plastics  with  an  oriented  filler  exhibit  severe  anisotropy  of 
physicomechanical  characteristics.  The  tensile  and  shear  strengths  of 
laminated  plastics  are  2-10  times  higher  perpendicular  to  the  layer¬ 
bonding  plane  than  along  it.  Figures  5  and  6  show  the  variation  in  the 
strength  and  elasticity  of  laminated  plastics  as  a  function  of  the  di¬ 
rection  of  deformation  parallel  to  the  layers. 

Plastics  are  subject  to  considerable  scattering  of  mechanical 
characteristics  (especially  durability).  The  scattering  of  ultimate 
strength  and  modulus  of  elasticity  is  characterized  by  an  average  vari¬ 
ation  factor  of  7-15#* 

Special-Purpose  Plastics 

Antifriction  plastics.  Many  plastics  (polyamides,  fluorine-con¬ 
taining  plastics,  textolltes,  and  laminated  wood  plastics)  have  good 
antifriction  characteristics  (a  low  coefficient  of  friction,  f  =  0.02- 
0.10,  and  high  wear  resistance). 

Polyamides  are  equivalent  to  babbitts  and  bronzes  in  load-bearing 
capacity,  coefficient  of  friction,  and  wear  resistance.  When  lubricated 
with  oil  they  can  operate  at  pv  <;  500  (henceforth  the  pressure  £  Is  in 

p 

kg/cm  and  the  sliding  speed  v  in  m/sec);  they  can  function  at  pv  £  250 
with  water  lubrication  and  at  pv  <;  10  without  lubrication,  their  wear 
being  less  than  that  of  bronze  by  a  factor  of  10  or  more  in  the  latter 
case.  Their  permissible  working  parameters  include  p  £  100  kg/cm2  and 
t  <;  80-100°.  In  order  to  increase  the  load-bearing  capacity  of  thermal 
plastics  they  are  filled  with  graphite  (for  poor  lubrication  condi¬ 
tions)  or  powdered  MoSg  (for  dry -friction  units). 

Fluoroplast-4  has  a  coefficient  of  friction  f  »  0.04-0.10  for  dry 
friction  over  metals  or  fluoroplasts  and  f  «  0.02  when  lubricated  with 
liquids.  It  provides  smooth  sliding  at  temperatures  of  up  to  260-330°, 
depending  on  £.  Its  load-bearing  capacity  is  limited  by  the  permissible 
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residual  deformation  (~1#).  Under  normal  conditions  p  <  30  kg/cm  .  This 
material  is  employed  in  friction  units  intended  to  operate  in  aggres¬ 
sive  media  (pv  £  0.5)  or  at  elevated  temperatures  without  lubrication. 

Oraphitized  fluoroplast  (FUG-3)  is  added  to  porous  materials  to 
improve  their  antifriction  characteristics.  When  pv  £  0.5  (dry  fric¬ 
tion)  or  pv  £  5  (water  lubrication)  cheaper  high-density  polyethylene 
bushings  (f  =  0.06-0.13  and  0.03-0. 17)  can  be  used,  having  a  maximum 
working  temperature  of  100°.  Bearings  of  thermal  plastics  are  insensi¬ 
tive  to  impact  loads  and  choking  with  solid  particles,  this  being  es¬ 
pecially  important  in  conveyors  and  agricultural  machinery.  Use  of  a 
thin  facing  on  the  shaft  Journal  instead  of  a  plastic  bushing  reduces 
wear  (which  occurs  over  the  entire  cylindrical  surface  rather  than  Just 
in  the  area  where  the  shaft  is  in  contact  with  the  bushing)  and  in¬ 
creases  load-bearing  capacity  by  Intensifying  heat  removal. 

Heavily  loaded  (p  300-300  kg/cm2)  sliding  bearings  intended  to 
operate  with  copious  lubrication  are  fabricated  from  glass  textolite 
and  laminated  wood  plastics.  The  butt  of  the  material  is  its  working 
surface  in  the  latter  case.  With  water  lubrication  the  coefficient  of 
friction  of  laminated  wood  plastics  (f  =  0.005-0.08)  is  lower  than  that 
of  other  materials  at  high  values  of  £  and  low  values  of  v.  Textolite 
and  laminated  wood  plastics  can  be  effectively  used  ir.  shaft  bearings 
subjected  to  impact  loads  and  not  requiring  high  precision  (the  bear¬ 
ings  of  rolling  stands,  crankshaft  presses,  and  gantry  cranes).  Bear¬ 
ings  of  laminated  wood  plastics  are  cheaper  than  those  of  textolite  (by 
100#)  or  bronze  (by  50#),  reduce  the  loss  of  power  due  to  friction  by 
20-30#,  and  have  a  service  life  2-4  times  that  of  metal  bearings. 

Plastics  and  rubbers  are  reliable  antifriction  materials  for  ma¬ 
rine  bearings  Intended  to  operate  in  water  (as  a  result  of  the  low  vis¬ 
cosity  of  water,  a  "lubricant  wedge"  is  not  produced  in  metal  deadwood 
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bearings  and  friction  occurs  under  semidry  conditions). 

Use  of  laminated  wood  plastics  or  textolite  (high  £)  and  polyam¬ 
ides  (low  £)  for  facing  the  bench  guides  of  planing  and  grinding  ma¬ 
chines  and  for  the  support  surfaces  of  lathe  tail  stocks  reduces  pull¬ 
ing  forces  and  eliminates  grabbing. 

Friction  plastics.  Certain  plastics  have  a  high  coefficient  of 
friction  (f  =  0.2-0. 6)  coupled  with  high  wear  resistance  and  are  used 
as  friction  materials.  Special  types  of  asbestos-filled  plastics  are 
widely  employed  in  braking  devices.  They  are  distinguished  by  a  high 
(0.2  <  f  <  0.5),  stable  (at  various  £  and  v)  coefficient  of  friction 
and  low  susceptibility  to  wear.  The  principal  drawbacks  of  asbestos  - 
rubber  friction  materials  are  the  sharp  drop  in  f  at  elevated  tempera¬ 
tures  and  their  low  heat  resistance. 

The  valuable  operational  characteristics  of  friction  plastics  are 
due  to:  their  rather  high  mechanical  strength  on  heating;  their  capaci¬ 
ty  for  rapid  running-in  (the  softness  and  elasticity  of  plastics  facil¬ 
itates  repeated  deformation  and  holding  of  solid  friction  particles); 
the  absence  of  grabbing  during  and  after  braking,  which  results  from 
the  difference  in  the  type  of  atomic  and  molecular  bonding  in  plastics 
and  metals  used  as  friction-pair  elements;  the  sharp  temperature  gradi¬ 
ent  over  the  component  cross-section,  which  is  due  to  the  low  thermal 
conductivity  of  plastics;  the  formation  of  an  intermediate  lubricating 
layer  under  forced  regimes  as  a  result  of  melting  of  wire  incorporated 
into  the  plastic. 

The  asbestos-rubber  materials  6KKh-l  and  6KV-10,  press -materials 
of  the  KF  type,  and  other  materials  are  suitable  for  use  in  the  brakes 
and  clutches  of  automobiles,  tractors,  and  other  machines  where  the 
temperature  reaches  120°  for  prolonged  periods  and  200°  for  brief  peri- 

p 

ods  at  p  £  8  kg/cm  .  Retlnaks  can  withstand  temperatures  of  up  to  400- 
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TABLE  5 


Logarithmic  Oscillation 

Decrement  (6* 10^)  for  Var¬ 
ious  Materials 
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1)  Material;  2)  temperature  (°C);  3)  VFTS  glass  textolite;  a)  along 
warp;  b)  at  angle  of  45°  to  warp;  4)  FK-20-A20  plastic  foam;  5)  sitall; 
6)  silicate  glass;  7)  austenitic  steel. 


Fig.  7»  Damping  of  free  oscillations:  1)  Duralumin  2  ion  thick  (<5  = 

=  0.02);  2)  duralumin  sheet  faced  on  one  side  with  8-mm  layer  of  plas¬ 
tic  foam  (6  =  0.89).  Damping  decrement  for  panels  6  =  0.34. 

500°  for  extended  periods  and  1000-1100°  for  short  periods  at  p  ^  50-60 

p 

kg/cm  ;  type  FK-16L  is  used  in  aircraft  wheel  brakes  and  type  FK-24A  is 
employed  for  the  brake  shoes  of  caterpillar  excavators  and  oil-drilling 
winches. 

Promising  materials  for  heavily  loaded  brakes  (t  =  1000°)  are  por¬ 
ous  cermets  impregnated  with  synthetic  resins,  which  lack  the  shortcom¬ 
ings  of  cermets  of  the  FMK-3  type,  particularly  grabbing  at  low  temper¬ 


atures. 
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Certain  plastics  are  used  in  ship  building  for  deck  coatings  in 
order  to  eliminate  slipping. 

Vibration-Insulating  and  sound -absorbing  plastics.  Shock  absorbers 
(pliable  elastic  elements  that  reduce  the  true  frequency  of  the  system) 
are  used  to  reduce  shock  and  insulate  objects  from  sources  of  vibra¬ 
tion.  Shock  absorbers  with  low  rigidity  can  be  produced  by  selecting 
appropriate  structural  elements  (springs,  which  can  be  fabricated  from 
steel  or  oriented  glass  plastics)  and  using  a  material  with  high  elas¬ 
ticity  (packings  of  elastomers)  and  an  appropriate  macrostructure  (foam 

p 

compounds:  E  <  1000  kg/cm  ). 

If  the  frequency  of  the  disturbing  forces  is  variable  and  the  pos¬ 
sibility  of  operation  under  resonance  regimes  cannot  be  excluded  (high¬ 
way  Jolting,  locking,  the  starting  and  speed-up  periods  of  machines, 
etc.),  external  and  internal  frictional  forces  are  quite  important  in 
damping  oscillations.  Mechanical  energy  is  dissipated  during  damping, 
often  being  converted  to  thermal  energy.  Damping  in  polymers  results 
from  hysteresis  losses  due  to  phase  shifts  between  the  stress  and  the 
deformation  and  to  viscous  resistance  during  diffusion  or  chemical 
flow.  Mechanical  losses  due  to  a  change  in  vibration  frequency  pass 
through  a  maximum  when  the  deformation  period  equals  the  relaxation 
time  (plastics  have  a  broad  range  of  possible  mechanical -equilibrium 
times)  and  depend  on  the  temperature. 

Plastics  exhibit  an  Internal  friction  10-1000  tiroes  that  of  met¬ 
als  (Table  p).  This  is  important  in  raising  the  fatigue  strength  of 
resonant  components  and  Increasing  passenger  comfort  (replacing  spring 
seats  with  polyurethane -foam  seats,  reducing  the  acoustical  radiation 
of  vibrating  elements,  etc.  ). 

Replacing  thin  metal  facings  with  plastic  facings  or  gluing  plas¬ 
tic  foams  cr  Isols  to  them  promotes  damping  of  oscillations  (Fig.  7) 
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and  attenuation  of  noise.  Pairing  polyamide  gears  with  metal  gears  re¬ 
duces  noise  level  by  6-12  db  (a  decrease  in  loudness  of  50-7550* 

Porous  materials  with  a  low  acoustical  resistance  (2-20,000  acous¬ 
tical  ohms)  are  highly  sound -absorbent.  The  sound -absorption  coeffi¬ 
cient  of  plastic  foams  is  10-60$  at  100-300  cps  and  60-95$  3t  300-1500 
cps.  Plastic  foams  with  open  pores  have  a  higher  sound -absorption  ca¬ 
pacity  than  those  with  Isolated  pores.  Fiber  mats,  plastic  foams,  and 
other  sound -absorbing  plastics  are  used  to  reduce  echoes,  especially  in 
metal  structures  (the  holds  of  ships,  the  compartments  of  submarines, 
etc.),  and  to  lower  the  acoustical  conduction  of  partitions. 

Heat-insulating  and  heat -protective  plastics.  The  thermal  conduc¬ 
tivity  of  plastics  is  less  than  that  of  metals  by  a  factor  of  several 
hundred  (see  Table  6).  This  is  generally  a  great  advantage  of  plastics, 
but  in  some  cases  (chemical  heat -exchange  equipment,  friction  pairs. 
Jet-engine  nozzles,  etc.  )  it  is  a  drawback  easily  eliminated  by  addi¬ 
tion  of  an  appropriate  filler  (graphite,  powdered  metals,  wire  grids, 
etc.  ) . 


The  thermal  conductivity  of  plastic  foams  is  lower  than  that  of 
monolithic  plastics  by  ar.  average  factor  of  10.  Heat  transfer  in  po;  - 
ous  materials  with  tr.in  partitions  is  duo  to  a  considerable  extent  (50- 
70$,  depending  or.  the  structure  of  the  material  and  the  temperature. 


which  determines  the  preportion  vf  radial 
ductlvlty  cf  air.  Heat  transfer  by  gauoou 
small  closed  pores..  Mastic  foams  w i t h  y 
quern ly  excellent  heat  insulators  at  low 
tares  (up  tc  f  0-25  O'"  and  up  to  300—00’“  f 
higher  temperatures  ts.ey  are  replaced  ty 


cd  heat)  to  th<-  thermal  cen- 
.s  convection  is  hampered  by 
0.05-0.2  g/ err  are  cor.se- 
and  moderately  high  tempera - 
1  r  s  11  ieecrpari c  foams).  At 
fiberglass,  asbestos,  or  cer¬ 


amic  insulation.  These  materials-  are 
f!x  in  structures. 


vibration-resistant  and  mere 
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TABLE  6 

Thermophysical  Characteristics  of  Plastics  and  Other 
Materials 
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l)  Material;  2)  thermal  conductivity  {cal/cm* sec* degree) ;  3)  specific 
heat  capacity  (cal/g* degree);  4)  temperature  conductivity  (cm2/sec); 

3)  coefficient  of  linear  expansion  0*10^  (1/°C);  6)  plastic  foams  (v  - 
=  0.2);  7)  unfilled  Dolymers;  8)  glass  and  asbestos  plastics;  9)  dura¬ 
lumin;  10)  steel;  11)  silicate  glass. 


silicate  glass. 


TABLE  7 

Heat  Absorbed  (q)  and  Rel¬ 
ative  Volume  (v)  of  oas 
Liberated  on  Heating  Vari¬ 
ous  Substances  from  20  to 
4700°  ( Rough  Values) 
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1)  Substance;  2)  kcal/kg;  3)  moles;  -}  hydrogen;  3)  saturated  polyhy¬ 
drocarbons;  6)  unsaturated  pclyhydreeirbor.s;  7)  pclytetraf lucrethylene ; 
3)  graphite;  9)  berylli’.vm;  10)  silicon  dioxide. 


Plastic  foams  (cipor,  PS-1,  Pd-IU,  PKhV-I,  PU-101,  etc.)  are  used 
for  heat  insulation  in  refrigerators  and  for  heat  and  sound  insulation 
ir.  aircraft  cabins,  automobile  bodies,  railroad  cars,  and  ships. 

Plastics  have  a  heat  capacity  .  -6  times  that  c-f  metals  ar.d  this, 
lr.  conjunction  with  their  lower  temperature  conductivity,  improves 
their  heat -insulating  cl-aracterlst  ics  on  r.or.ut  at  ionary  heating. 

:  can  successful  .y  bo  en.y . c.ycu  as  a  neat  —protect ive  struc- 
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taral  material  In  th^  manufacture  of  external  shielding  elements  for 
rocket  nose  cones,  which  are  subject  to  Intensive  aerodynamic  heating 
for  brief  periods  (from  seconds  to  minutes)  during  re-entry  (the  brak¬ 
ing  temperature  reaching  10,000-15,000°  and  the  thermal  flux  5500 
keal/m  *sec),  and  of  internal  heat  shielding  for  Jet -engine  chambers. 

In  such  cases  the  plastic  undergoes  Ablation.  A  considerable  portion  of 
the  heat  conducted  away  is  expended  in  endothermal  sublimation,  evapo¬ 
ration,  and  pyrolysis;  the  protective  gas  layer  formed  (Table  7)  and 
the  material  Itself  accumulate  a  great  deal  of  heat  and  the  low  thermal 
conductivity  of  plastics  keeps  these  large  thermal  fluxes  from  pene¬ 
trating  the  structure. 

Different  types  of  elastics,  ceramics,  honeycomb  ceramics,  ceramic 
plastics,  and  other  materials  vary  in  effectiveness  under  different 
heating  conditions  (gas-flow  rate  and  pxessure,  temperature,  gas  compo¬ 
sition,  degree  of  gas  dissociation,  presence  of  abrasive  combustion- 
product  particles,  etc.).  Flastics  are  generally-  more  resistant  to 
thermal  shock  and  vibration,  but  less  erosion-resistant.  When  some  var¬ 
iation  in  aerodynamic  contours  is  permissible  phenolic  plastics  rein¬ 
forced  with  polyamide,  asbestos,  glass,  or  ceramic  cloth  or  fiber  is 
usually  the  best  shielding  material  for  protection  against  t  1  >rnal 
1  eat lng. 


Electrical  and  radio-engineering  plastics.  As  a  result  of  their 
high  dielectric  characterist ics ,  cat isfactory  heat  resistance,  and 
high  strength,  plastics  have  come  into  wide  use  In  electrical  engineer¬ 
ing  and  radio -electronics  as  electrical-insulating  and  radio-transpar¬ 
ent  materials. 

Phenolic,  aniline,  and  r.o’. nr. Ire  materials  and  ether  plastics  hav- 

■i  1  0 

lng  a  deep  resistance  of  10  -10'  ohm* cm  and  a  breakdown  voltage  of  d- 
20  kv/nrn  are  good  dielectrics  for  high-current  applications.  Amino 


II-68P-21 

plastics  are  less  water-resistant  than  phenolic  plastics,  but  have  a 
higher  arc -resistance  and  are  used  in  conjunction  with  silicoorganic 
plastics  (K-41-5,  KMK-218,  K-71,  etc.)  in  electrical  ignition  systems 
for  internal -combust ion  engines,  high-voltage  switches  for  arc-extinc¬ 
tion  chambers,  contactors,  etc.  Silicoorganic  insulation  is  resistant 
to  prolonged  heating  at  200°  and  can  briefly  withstand  heating  to  250° 
or  above;  it  is  used  for  the  windings  of  electric  motors  intended  to 
operate  under  water.  Polyvinyl  chloride,  polyamides,  epoxy  resins 
(sealing  compounds),  polyurethanes,  acetals,  and  polyethyle  terephthal 
ate  are  used  as  low-frequency  insulation  for  transformers,  leads,  and 
cables. 

The  best  dielectrics  for  high-frequency  engineering  are  polysty¬ 
rene,  polyethylene,  fiuoroplast-4,  etc.  These  materials  have  a  dielec- 

-4  -4  6 

trie-loss  angle  whose  tangent  ranges  from  2*10  to  5*10  at  10  cps, 
a  dielectric  permeability  of  1. 9-2.6,  an  electric  strength  of  20-40 

Q  n  jr 

kv/mm  and  a  deep  resistance  of  10  -10'L'3  ohm*  cm.  A  high  dielectric  per¬ 
meability  is  undesirable  when  alternating  current  is  used,  since  it  in 
creases  dielectric  losses;  on  the  other  hand,  the  capacitance  of  radio 
cape  ours  inv-r^^s  wlIL  u«iu  indcA.  X..  plastic.,  tiiw  r’lip  ol  e.  is 
regulated  by  the  degree  of  porosity  (reaching  1.01  in  plastic  foams) 
and  the  filler  content  and  composition.  Different  types  of  polymer  and 
inorganic  materials  or  combinations  of  such  materials  are  employed,  de 
pending  on  the  voltage,  frequency,  temperature,  humidity,  mechanical 
load,  and  technological  and  structural  characteristics  of  the  system. 
Radlotransparent  materials  (plastic  foams,  cellular  materials,  and 
glass  textollte)  are  used  in  the  manufacture  of  radar  detectors  and  an 
tennas  for  aircraft  and  rockets,  the  latter  absorbing  aerodynamic  and 
thermal  loads  and  insuring  a  high  pass-  coefficient  for  electromagnetic 
waves  while  leaving  their  direction  unchanged.  There  are  also  radio- 
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absorbing  materials  witr.  a  low  reflectivity  for  e  wCtromagnetic  waves. 
The  good  electrical -insulating  characteristics  of  getinaks,  polyethyl¬ 
ene,  fluoroplasts,  etc.  (with  a  skin  resistance  p  =  lO^-lO1®  ohms) 
permits  their  use  as  bases  in  the  manufacture  of  printed  circuits. 

Plastics  with  nonmagnetic  properties  (having  a  magnetic  permeabil¬ 
ity  u  <  1  and  independent  of  the  intensity  of  the  applied  field)  are 
used  in  the  construction  of  mine  sweepers,  ships  for  studying  the 
earth's  magnetic  field,  etc.  Plastics  are  employed  in  the  production  of 
magnetodielectric  cores  (a  resin  and  a  powdered  metal)  with  low  losses 
due  to  eddy  currents  and  hysteresis  and  stable  magnetic  characteris¬ 
tics. 

Plastics  with  optical  properties.  Many  thermal  plastics  are  trans¬ 
parent  in  visible  light,  as  is  organic  glass  based  on  polymethy] meth¬ 
acrylate,  etc.  Plastics  with  high  transparency  (equivalent  to  that  of 
quartz)  and  atmosphere  resistance,  which  are  used  for  windows  and  in 
the  production  of  lenses,  are  easily  distinguished  from  silicate  glass¬ 
es  by  their  low  specific  gravity,  lack  of  brittleness  (down  to  tempera¬ 
tures  of  -60°  or  below),  and  resistance  to  mechanical  and  thermal 
shocks;  they  are  readily  molded  into  articles  with  complex  curves,  are 
cutable,  and  can  be  reliably  welded  and  glued.  Organic  glass  has  a  low¬ 
er  working  temperature  (up  to  100-200°)  and  abrasion  resistance  than 
silicate  glass  and  is  more  combustible.  This  material  passes  the  ultra¬ 
violet  portion  of  the  solar  spectrum  (up  to  320-340  mu),  which  is 
blocked  by  ordinary  silicate  glass.  Preliminary  orientation  (planular 
drawing)  or  orientation  during  molding  increases  the  "silvering  resist¬ 
ance"  and  plasticity  (impact  strength)  of  organic  glass  by  a  factor  of 
2,  raises  its  tensile  elongation  by  a  factor  of  2  or  more,  reduces  its 
sensitivity  to  stress  concentrations,  and  Increases  the  localization 
of  fracture  on  bending. 
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Thermostabilized  and  new  heat -resistant  plastics  are  used  for 
glazing  the  lights  c"  high-speed  aircraft;  double  windows  and  safety 
glass  are  also  employed,  the  latter  being  a  laminated  glass  bonded  with 
a  clear  elastic  polyvinylbutyral  or  slllcoorganic  film,  giving  it  pro¬ 
tective  characteristics  and  reducing  the  danger  of  decomprcooion  of 
the  cabin.  Organic  glass  is  used  lr.  the  manufacture  of  face-guards  for 
cosmonauts'  helmets,  components  for  illuminating  equipment,  watch 
glasses,  llght-conductlcn  devices,  and  optical  lenses  (with  an  index  of 
refraction  of  1.489-1.547).  Plastics  with  a  high  optical  stress  coeffi¬ 
cient  (10-130  brewsters) ,  including  celluloid,  ED-6  resin,  styrene- 
alkyd  mixtures,  gliftamal,  viskhomllt ,  cast  resite,  etc.,  are  used  as 
models  in  studying  stresses  by  photoelasticity  methods. 

Chemically  stable  plastic^.  The  covalent  nature  of  the  chemical 
bonding  among  polymer  atoms  causes  the  majority  of  plastics  tc  be  more 
resistant  to  liquid  (water,  salt  solutions,  acids,  alkalis,  etc.)  and 
gaseous  media  than  are  metals  or  silicate  glasses.  Polystyrene,  poly¬ 
ethylene,  fluoroplasts,  and  pentaplasts  are  the  most  water-resistant 
(their  gain  in  weight  over  24  hr  being  less  than  0. 01#).  Urea -formalde¬ 
hyde  plastics  with  cellulose  fillers,  ether-cellulose  plastics,  and 
laminated  "nnd  plastics  exhibit  high  water  absorp  'oi*.  Aosorption  of 
moisture  is  associated  with  changes  in  weight  and  size,  development  of 
internal  stresses,  deterioration  of  electrical -insulating  and  radio¬ 
engineering  characteristics,  and  loss  of  strength,  although  the  coeffi¬ 
cient  of  friction  decreases  (this  Is  important  for  laminated  wood  plas¬ 
tics).  The  majority  of  plastics,  with  the  exception  n?  polyethylene, 
polyisobutylene ,  and  vinyl  plastics,  are  resistant  to  mineral  oils, 
gasoline,  and  kerosene.  Fluoroplast-4  is  chemically  more  stable  than 
gold  or  platinum;  it  Is  absolutely  resistant  to  acids,  alkalis,  and  or¬ 
ganic  solvents,  even  when  heated  to  I5O-25O0.  Fluoroplast-3  is  leas 
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stable  In  furring  sulfuric  acid,  mixed  hydrochloric  and  nitric  acids 
(3:1)#  chlorsulfonlc  acid,  and  certain  solvents  (benzene,  toluol,  etc.) 
at  elevated  temperatures. 

Among  the  plastics  suitable  for  use  in  various  highly  aggressive 
media  (other  than  oxidizing  acids)  are  polyethylene,  polypropylene, 
poly isobutylene,  polystyrene,  copolymers  based  on  fluorine  and  chlorine 
derivatives  of  ethylene,  vinyl  plastics,  epoxy  plastics,  polyurethane, 
pentaplast,  faolite,  asbestos  vinyl,  phenolite,  dekorrozit,  asphalt  - 
pitch  mixtures,  etc.  These  plastics  are  used  in  the  manufacture  and 
lining  of  tanks,  pipes,  fittings,  fixtures,  baths,  rectification-column 
components,  and  other  components  and  units  of  equipment  for  the  chemi¬ 
cal,  petroleum-refining,  wood-pulp,  and  textile  industries  and  other 
branches  of  technology. 

Plastics  with  characteristics  that  provide  protection  against  pen¬ 
etrating  radiation.  Organic  plastics  contain  large  amounts  of  hydrogen 
(the  volumetric  hydrogen  concentration  in  polyethylene  is  lofi  higher 
than  that  in  water),  have  a  low  residual  activity  and  satisfactory  ra¬ 
diation  resistance,  and  are  employed  for  biological  shielding  against 
neutron  radiation.  Polyethylene  retains  its  mechanical  characteristics 

17  o 

on  neutron  irradiation  at  levels  of  up  to  10  1  neutrons  per  cm  . 

Capture  Y-radiation  can  be  absorbed  when  boron  is  added  to  plas¬ 
tics.  Polyethylene  slabs  in  combination  with  lead  sheets  are  used  for 
shielding  atomic  reactors.  Plastic  foams  with  barium  fillers  are  em¬ 
ployed  in  x-ray  equipment.  Plastics  are  also  used  in  individual  pro¬ 
tective  dsvices  for  working  with  radioactive  substances. 

Methods  for  Converting  Plastics  to  Finished  Products 

These  materials  are  produced  in  the  form  of  semifinished  products 
(press -powders,  granules,  casting  compounds),  which  are  subjected  to 

further  processing,  or  working  plastics,  which  are  molded  from  mixtures 
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of  the  appropriate  composition  (sheets,  slabs,  rods,  films,  and  other 
finished  materials)  and  converted  to  fir.iohea  products  by  stamping, 
pneumatic  forming,  cutting,  gluing,  welding,  etc.  Selection  of  a  method 
for  fabricating  plastic  products  is  dictated  by  the  purpose  for  which 
the  product  is  intended,  its  design  and  dimensions,  the  production 
scale,  the  type  of  initial  plastic,  the  filler,  and  the  binder.  The 
parameters  of  the  technological  process  are  determined  principally  by 
the  binder.  The  principal  methods  of  forming  plastics  are:  1)  pressing, 
used  primarily  for  reactive  plastics  (see  Pressing  of  plastics);  2) 
casting  pressing  of  plastics  with  powdered  fillers  (this  method  is 
suitable  for  components  which  must  be  dimensionally  precise  or  which 
have  through  reinforcement  or  deep  small -diameter  holes).  Typical  proc- 
essing  regimes  entail  a  pressure  of  70-500  kg/cm  (depending  on  the 
type  of  filler,  a  fibrous  filler  requiring  a  higher  pressure)  and  a 
temperature  of  130-180°  for  phenolic  plastics  and  140-210°  for  press- 
materials  based  on  silicoorganic  resins;  3)  pressure  casting  (injection 
pressing);  this  method  is  distinguished  by  a  short  process  cycle  (the 
plastic  is  preliminarily  heated)  and  does  not  require  tabletlng,  press¬ 
ing,  or  removal  of  burrs;  it  is  not  recommended  for  thick-walled  (3-4 
mm)  components  or  components  with  a  varying  wall  thickness.  Table  d 
shows  guideline  regimes  for  pressure -casting  plastics.  Methods  1,  2, 
and  3  are  used  for  producing  small  and  medium  components  weighing  5-10 
kg;  4)  free  (simple)  casting  of  thermoreactlve  (with  or  without  harden¬ 
ers)  and  thermoplastic  resins  in  molds;  this  method  is  used  for  manu¬ 
facturing  clear  plastic  sheets  with  high  optical  characteristics  and 
for  producing  blanks  and  finished  products  from  phenolic  plastics  (cast 
resite),  capromide,  and  other  plastics;  5)  extrusion  of  material  com¬ 
pacted  and  heated  until  plastic  in  worm  or  plunger  machines.  This  meth¬ 
od  is  employed  for  sheathing  insulated  leads;  6)  stamping  of  three-di- 
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raensicnal  components  from  sheet  materials,  principally  unfilled  thermal 
plastics  and  plastics  with  powdered  and  fibrous  fillers.  Because  of 
their  low  ductility  (3-5#  for  glass  textollte)  laminated  plastics,  even 
those  with  low-viscosity  thermoplastic  binders,  cannot  be  deep-drawn. 
This  method  permits  fabrication  of  large  articles  withou.  using  high- 
power  hydraulic  presses  (a  stamping  pressure  of  0. 7-5.0  kg/cm  is  em¬ 
ployed).  Stamping  can  be  carried  out  with  a  rigid  punch  and  matrix  in 
a  closed  die,  with  a  rigid  punch  having  a  pressure  plate  or  ring,  and 
by  vacuum  or  pneumatic  forming  in  a  die;  7)  blowing,  which  is  widely 
employed  in  the  production  of  hollow  products  (bottles  and  other  con¬ 
tainers)  of  polyethylene  and  other  thermal  plastics.  Units  consisting 
of  an  extruder,  which  gives  a  tubular  blank,  and  a  vertical  automatic 
machine  with  several  interchangeable  molds,  in  which  the  hot  blank  is 

p 

inflated  with  compressed  air  under  a  pressure  of  1.5-3  kg/cm  and  then 

p 

cooled,  are  highly  efficient;  8)  vacuum  forming  (p  =  0.5-0. 8  kg/cm  ), 
which  is  used  for  plastics  with  "contact"  binders  that  harden  without 
liberating  gaseous  products.  The  vacuum  promotes  removal  of  volatile 

p 

substances  from  the  material;  9)  pneumatic  forming  (p  =  1-5  kg/cm  )  in 
pressfonns  (the  component  is  placed  in  the  closed  space  between  the 
rigid  and  elastic  port  lent-  o*  cue  fora),  which  insures  production  of 
high-quality  monolithic  articles  with  the  majority  of  binders.  This 
method  is  employed  in  the  production  of  multilayer  articles  with  an  in¬ 
termediate  layer  of  cel?.ular  plastic  or  plastic  foam,  such  as  antenna 
deflectors.  In  the  former  case  the  outer  shell  (usually  of  glass  texto- 
lite)  is  molded,  the  cellular  plastic  and  inner  shell  are  placed  on  it, 
and  the  entire  article  Is  pressed  at  once;  in  the  latter  case,  for  in¬ 
stance  when  using  a  polyurethane  filler,  two  shells  of  glass  plastic 
are  molded  and  the  space  between  them  is  filled  with  a  polyester  iso¬ 
cyanate  mixture,  which  is  then  frothed  and  hardened.  High-quality  ra- 
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dio-engineering  products  of  glass  plastics  are  obtained  by  placing  a 
blank  between  a  punch  and  a  pressform  matrix,  hermetically  sealing  It, 
and  pumping  binder  Into  It  under  a  vacuum.  The  autoclave  molding  method 
(with  a  pressure  of  5-25  kg/cm  )  Is  expedient  for  production  of  large 
batches  of  massive  or  complex  components.  Subterranean  tanks,  cylindri¬ 
cal  containers,  radar  deflectors,  and  other  fiberglass  products  with 
round  or  elliptical  cross-sections  can  be  fabricated  on  centrifugal 
equipment;  10)  winding,  which  is  employed  for  producing  pipes  and  other 
products.  By  varying  the  angle  at  which  the  fibers,  thread,  braiding, 
or  strips  are  wound,  the  relationship  of  the  longitudinal  layers,  or 
the  direction  of  the  warp  and  woof  in  cloth  it  is  possible  to  obtain  a 
desired  strength  ratio  in  different  directions.  Glass  plastics  have  a 
high  strength  ( =  6000  kg/cm  )  in  wound  products.  This  method  is  em¬ 
ployed  in  the  manufacture  of  high-pressure  balloons,  the  housings  of 
powder-fueled  rocket  engines,  etc. 


TABLE  8 

Guideline  Regimes  for  Pressure-Casting  Plastics 
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1)  Material;  2)  temperature  at  discharge  from  cylinder  nozzle  (°C);  3) 
pressform  temperature  (°C);  4)  oressure  (kg/cm2);  5)  holding  time  under 
pressure  in  press -form  (sec);  6)  etrols;  7)  polystyrene;  8)  polyethyl¬ 
ene;  9)  polyamides;  10)  from  10  to  180,  depending  on  the  wall  thickness 
of  the  component  and  other  factors. 

Plastic  semifinished  products  and  components  are  manufactured  by: 
calendaring;  production  of  finished  articles  from  plaatlzols  (particu¬ 
larly  polyvinyl  chloride  pastes)  by  centrifugal  casting  (hollow  balls, 
life  preservers,  etc.),  immersion,  or  smearing  the  paste  on  a  mold; 
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tableting  and  sintering  of  components  in  molds;  casting  films  on  con¬ 
tinuous  strips  and  other  processes.  A  new  method  for  processing  plas¬ 
tics  (based  or.  caprolactam,  polyesteracrylates,  etc.)  that  uses  oligo¬ 
mer  compounds  has  been  developed  and  perfected.  In  contrast  to  methods 
for  molding  finished  thermal  plastics  (high-molecular  compounds),  this 
procedure  does  not  require  high  temperatures  or  pressures,  permits 
casting  with  virtually  no  shrinkage,  and  makes  it  possible  to  mold  ar¬ 
ticles  with  improved  physicomechanical  characteristics.  A  promising 
technological  variant  involves  filling  molds  with  liquid  intermediate 
products,  which  are  converted  to  the  desired  polymer  directly  in  the 
mold. 

In  pressing  large  articles  (automobile  bodies,  boat  hulls,  the 
skin  of  aircraft  wings  or  fuselages,  etc.)  the  pressure  is  transmitted 
to  the  surface  of  the  component  through  an  elastic  (usually  rubber) 
Jacket.  The  manufacture  of  large  articles  from  fibrous  or  laminated 
plastics  consists  in  producing  a  filler  blank,  impregnating  it  with 
binder,  and  pressing  it.  Laminated  materials  (cloth,  laminated  glass, 
etc.)  or  fiber  mats  are  laid  out  by  the  "wet”  method,  in  which  the 
binder  is  applied  daring  positioning  of  the  filler  blank  (in  which  case 
it  is  difficult  to  obtain  a  uniform  binder  distribution),  or  by  the 
"dry"  method,  in  which  the  filler  is  impregnated  beforehand  with  binder 
and  dried  (in  which  case  it  is  difficult  to  lay  cut  complex  forms).  In 
laying  out  and  positioning  the  materials  one  should  attempt  to  insure 
that  the  component  is  uniformly  strong  or,  conversely,  to  reinforce  it 
in  the  requisite  directions.  Cut -fiber  blanks  are  obtained  by  building- 
up  in  air,  dispersion,  or  suction  in  water.  Pressing  is  carried  out  in 
press-forac  of  the  negative  type,  which  yield  products  with  a  smooth 
outer  surface,  cr  in  simpler  press -forms  of  the  positive  type,  which 
permit  production  of  articles  with  a  smooth  inner  surface,  fress-foras 
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of  the  first  type  are  used  for  products  that  muut  have  high  aerodynamic 
characteristics  (aircraft  radar  deflectors,  outside  antennas,  otner 
aircraft  and  rocket  components,  cutter  hulls,  etc.).  Positive  press- 
forms  are  more  efficient,  facilitate  arrangement  of  the  filler ,  and  are 
more  convenient  for  producing  reinforced  shells. 

Small  series  of  large,  lightly  loaded  components  are  molded  by 
contact  pressure.  Materials  based  on  cold-setting  polyester  or  epoxy 
resins  are  rolled  while  being  laid  cut;  setting  occurs  without  pres¬ 
sure,  often  at  the  ambient  temperature.  This  method  is  quite  simple, 
but  Its  productivity  and  the  quality  of  the  finished  product  are  low. 
See  also  Machining  of  plastics. 

Methods  of  Joining  Plastic  Components 

The  principal  methods  for  Joining  plastic  component's  are  gluing 
and  welding.  Gluing  (see  Gluing  of  plastics)  Is  a  general-purpose  meth¬ 
od  for  reliable  Inseparable  joining  of  components  of  any  plastic  to  one 
another  and  to  other  materials.  Thermal  plastics  can  be  strongly  butt¬ 
er  lap-welded  by  various  methods,  which  aiffer  in  the  procedure  em¬ 
ployed  for  heating  the  surfaces  to  be  joined.  The  most  common  tech¬ 
niques  are  contact  thermal  welding  (with  a  heated  tool)  and  gas -thermal 
welding  (not  recommended  lor  fluorine -curtaining  plastics;  nitrogen 
must  be  used  instead  of  air  for  polyethylene  and  polyamides).  Other 
welding  methods  Involve  high-frequency  current  (except  for  polystyrene 
and  other  nonpolar  polymers),  ultrasound.  Infrared  light.  Ionising  ra¬ 
diation,  and  (less  frequently)  friction,  flames,  cr  molten  additive 
material.  The  induction-contact  method  is  quite  promising  for  metal-re¬ 
inforced  plastic  components.  Plastics  with  a  narrow  thermoplast Iclty 
range  (Td,,3truct.on  -  ’tofter.lng>  are  test  welded  In  e  oontpresaed-ga: 
atmosphere.  The  elements  of  large  glass-plastic  structures  are  procu'  d 
by  melding:  tho  edges  of  the  hardened  components  are  Joined  with  & 
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strip  of  res in -impregnated  cloth  or  the  components  are  stacked  and  the 
ends  of  the  cloth  filler  are  pressed.  The  first  method  is  employed  in 
mending  holes  and  performing  other  repairs,  while  the  second  is  used  to 
produce  butt  and  corner  Joints.  Each  of  the  two  Joiner  strips  should 
have  a  thickness  equal  to  no  less  than  0.6  of  that  of  the  components  to 
be  Joined,  but  should  be  25  times  as  long.  Laminated  plastic  sheets  can 
be  Joined  to  one  another  and  to  other  materials  by  riveting  (see  Glued- 
rlveted  Joints).  Soft  plastics  (polyethylene,  fluorine -containing  plas¬ 
tics)  are  unsuitable  for  riveting.  Sealers  are  employed  to  make  riveted 
Joints  uerraetic.  Threaded  Joints  are  preferable  to  riveted  Joints  for 
unfilled  and  powdered  plastics.  Plastic  components  are  occasionally 
fastened  with  bolts,  but  care  must  be  taken  to  avoid  local  overloads  in 
tightening  them;  it  is  recommended  that  the  bolt  head  and  nut  be  twice 
the  normal  diameter.  Instead  of  using  a  rigid  bolted  joint,  the  clear 
plastic  of  aircraft  lights  is  often  held  in  place  with  a  flexible  fas¬ 
tening;  for  this  purpose  strips  of  lavsan  or  capron  are  glued  to  both 
sides  of  the  plastic  or  a  metal  grid  is  polymerized  into  it,  resting 
against  a  retaining  ring. 

Threaded  joints  are  used  principally  for  joining  medium  and  large 
plastic  components  to  metal  components.  Considering  the  low  resistance 
of  laminated  plastics  to  shear  parallel  to  their  layers,  load-bearing 
threads  muse  be  trapezoidal  in  shape  and  have  a  broad  base.  It  is  rec¬ 
ommended  that  threads  in  fibrous-plastic  components  be  made  by  molding 
rather  than  machining  (cutting  the  fibers).  A  number  of  metal-plastic 
components  are  joined  by  press -fitting  (pressing  in  plastic  bushings, 
pressing  toothed  rims  of  plastic  on  metal  gear  blanks). 

Plastic  components  can  be  fastened  in  the  same  manner  as  metal 
components,  utilizing  metal  reinforcing  and  fastening  elements  molded 
into  them. 
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TABLE  9 

Use  of  Plastics  in  the  Manufacture  of  Machine  Compo¬ 
nents  anc.  Units  and  Technological  Equipment 
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Footnotes :  1.  For  lightly  loaded  components.  2.  Special  compositions. 

3.  For  water-free  media. 

Arbitrary  Designations;  l)  Polyamides;  2)  polyethylene,  polypropylene, 
and  other  ethylene -based  plastics;  3)  fluorine -containing  plastics;  4; 
rigid  vinyl  plastics;  5)  plasticized  vinyl  plastics;  6)  polystyrene  and 
its  copolymers;  7)  acrvlic  plastics;  8)  epoxy  plastics;  9)  pentaplast; 

10)  polycarbonates;  11)  polyformaldehyde;  12)  phenolic  press -powders, 

13)  carbamide  press -powders;  14)  voloknit  and  cordovoloknit ;  15)  asbes¬ 
tos  voloknlt;  16)  glass  voloknit;  17)  textolite  press-powder;  18)  wood 
pi’ess -powder;  19)  getinaks;  20)  laminated  wood  plastics;  21)  textolites; 
22)  asbestos  textolites;  23)  glass  textolites;  24)  oriented  glass  plas¬ 
tics  of  the  SVAM  type;  25)  glass-plastic  sheets  wound  from  glass  mats 
with  contact -type  binders. 

1)  Machine  components  and  units,  technological  equipment;  2)  arbitrary 
numbers  designating  types  of  plastic;  3)  gears  and  worms;  4)  pulleys, 
flywheels,  hubs;  5]  casters,  rollers,  travelers;  6)  sliding  bearings 
'bushings)  axle  bearings,  sliding  contacts,  footstep  bearings;  7)  ma- 
ctune-tool  guides;  8)  ball-bearing  components;  9)  brake  shoes  and  lin¬ 
ings,  clutch  bands  and  discs;  10)  winch-drum  facings,  friction  pulleys; 

11)  pipes,  fittings,  and  reinforcement  components;  12)  filters,  valves, 
and  other  oil-  and  water-system  components;  13)  working  elements  of 
ventilators,  pumps,  and  other  hydraulic  machinery;  14)  sealing  elements 
(cups,  gaskets,  packing  glands),  membranes;  15)  anticorrosion  coatings 
for  metal  components,  linings  for  chemical  equipment;  16)  wear-resist- 
ant  costings  for  metal  components;  17)  casings,  lids,  tanks,  reduction- 
gear  housings;  18)  handles,  steering  wheels,  nobs,  caps;  19)  precision 
components  for  watches,  computers,  time  relays,  measuring  and  monitor- 
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KEY  TO  TABLE  9  (continued) 

ing  instruments ,  and  automatic  machinery;  20)  lightly  loaded  bolts, 
nuts,  and  washers;  21)  springs;  22)  cam  mechanisms,  valves,  and  other 
machine  and  equipment  components  subject  to  impact  leads;  23)  large 
load-bearing  structural  elements,  housings,  tanks,  trays,  etc.;  24) 
electrical-insulation  components,  panels,  switchboards,  instrument 
housings;  25)  light -transmissive  and  optical  components  (lenses,  in¬ 
spection  windows,  etc.);  26)  copies,  control  patterns;  27)  cold-sheet 
dies;  28)  casting  models. 


Principal  Trends  in  the  Use  of  Structural  Plastics  in  Technology 

The  Soviet  and  world  production  of  plastics  and  their  proportion 
in  the  output  of  structural  materials  is  continually  Increasing.  Table 
9  shows  the  uses  of  plastics  in  the  manufacture  of  machine  components 
and  units  and  technological  equipment.  Introduction  o*  plastics  into 
the  national  economy  is  one  means  of  technical  progress.  Their  wide 
utilization  will  permit:  1)  solution  of  the  fundamentally  new  problems 
raised  by  modern  technology  (rocket  and  aircraft  building,  atomic  ener¬ 
gy,  radio-electronics,  etc.);  2)  Improve  the  technical  and  operational 
characteristics  of  machinery  (reduce  its  weight,  increase  its  durabil¬ 
ity  and  reliability,  etc.),  which  will  in  turn  ’mpreve  the  flight  and 
running  characteristics  of  aircraft,  seagoing  and  river  vessels,  auto¬ 
mobiles,  and  other  means  of  transportation  (increasing  their  ceiling, 
speed  and  maneuverability  and  reducing  the  wear  on  paved  highways  and 
railroad  tracks);  thus,  for  example,  use  of  retinaks  in  aircraft  wheel 
brakes  permits  an  increase  in  their  loading  and  a  reduction  in  landing 
run.  Turbine -drill  veins  of  capron  or  polypropylene  are  cheaper  than 
veins  of  other  materials  by  a  factor  of  10-15  And  increase  drill  effi¬ 
ciency  by  10-15#;  in  the  hydraulic  mining  cf  coal  glass -plastic  convey¬ 
ors  are  50#  lighter  and  cheaper  than  metal  conveyors;  3)  reduction  of 
the  labor  consumed  in  manufacturing  finished  products;  4)  reduction  of 
the  cost  of  finished  products;  5)  curtailment  of  production-cycle  time; 
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when  ferrous  metals  are  replaced  by  cast  plastics  the  labor  consumption 
of  production  processes  drops  by  a  factor  of  5-6  and  their  cost  is  re¬ 
duced  by  a  factor  of  2-6.  The  cost  of  large  loaded  glass -plastic  struc¬ 
tures  is  equal  to  or  somewhat  higher  than  that  of  steel  structures,  but 
this  is  compensated  for  by  the  operational  advantages  of  glass  plas¬ 
tics;  6)  a  savings  in  scarce  ferrous  and  nonferrous  metals  and  semifin¬ 
ished  products  (tubes,  thin  sheets)  by  substitution  of  polymer  materi¬ 
als,  which  affords  a  simultaneous  decrease  in  cost  by  a  factor  of  4-9; 
7)  simpler  replacement  of  worn  friction-unit  and  other  components;  8) 
an  improvement  in  working  conditions  (a  reduction  in  noise  when  plastic 
is  used  for  machine  transmission  gears,  a  reduction  in  the  weight  of 
manual  electrical  and  pneumatic  tools;  replacement  of  lead  printing 
type  with  plastic  type  eliminates  an  occupational  health  hazard). 

The  heat -insulating  characteristics  and  sanitary-hygienic  advan¬ 
tages  of  plastics  (ease  of  dust  removal,  passage  of  ultraviolet  light, 
etc. )  make  them  promising  decorative  and  trim  materials  (for  the  ap¬ 
pointments  of  railroad  passenger  cars,  steamship  staterooms,  and  air¬ 
craft  cabins,  household  articles,  etc.). 

The  selection  of  a  given  type  of  plastic  for  a  specific  applica¬ 
tion  is  governed  by  the  conditions  under  which  the  plastic  or  compnents 
fabricated  from  It  are  to  function  (air,  vacuum,  water,  steam,  aggres¬ 
sive  media,  solar  radiation,  temperature  range,  stress  level,  loading 
regime,  transparency,  erosion -resistance,  and  special  requirements  with 
respect  to  hermeticlty ).  The  selection  of  a  material,  the  designing  of 
the  component,  and  the  fabrication  method  should  be  interrelated.  Thus, 
in  glass-plastic  structures  the  reinforcing  elements  should  be  arranged 
in  such  fashion  as  to  Insure  maximum  strength  in  the  direction  of  maxi¬ 
mum  stresses;  for  wound  components  intended  to  function  under  internal 
pressure  the  angle  at  which  tne  threads  or  strips  are  wound  and  the 
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number  of  threads  or  strips  in  different  directions  must  be  selected  in 
accordance  with  the  conditions  to  be  encountered.  Among  the  promising 
procedures  are  the  new  high-efficlercy  processes  for  fabricating  fin¬ 
ished  products  from  filled  plastics,  including  those  with  unwoven  fi¬ 
berglass  reinforcing  materials  (continuous  drawing  of  shapes  in  auto¬ 
mated  production  lines,  etc.),  as  well  as  those  for  molding  large  com¬ 
ponents  without  heating  or  use  of  high  pressures  (employing  oligomers, 
etc. ). 

So-called  "composite"  polymer  materials,  which  are  combinations  of 
polymers  with  metallic,  silicate,  or  ceramic  materials  in  various  pro¬ 
portions  and  spatial  arrangements  (in  the  form  of  particles,  fibers, 
ovoids,  layers,  etc.),  have  come  into  wide  use.  They  include  different 
types  of  filled  plastics,  ceramic  plastics,  safety  glass  consisting  of 
organic  and  silicate  glass  (with  an  elevated  impact  resistance), 
terials  (metal-plastics,  which  consist  of  a  rolled  metal  sheet  with  a 
thin  layer  of  plastic  applied  to  one  or  both  sides),  lined  pipes,  sur¬ 
face-metallized  films  and  cloth  (laminar  vacuum  insulation  in  cryogenic 
engineering,  shielding  against  electromagnetic  fields),  sandwich  pan¬ 
els,  and  filled  sheathing.  In  such  panels  the  external  facings  are  made 
of  thin  high-strength  materials,  such  as  metal,  glass  textolite,  etc. 
Between  them  and  glued  to  them  is  an  Intermediate  layer  of  a  light 
filler  (plastic  foam,  honeycomb  paper,  cloth,  or  metal  foil).  The  fill¬ 
er  should  insure  that  the  thin  facings  work  together  and  prevent  loss 
of  stability  on  compression.  The  structure  consequently  has  high 
strength  and  rigidity  combined  with  low  weight.  Laminated  panels  with  a 
porous  filler  are  used  as  heat  and  sound  Insulation.  In  conjunction 
with  film  materials  they  can  be  employed  to  shield  spacecraft  from  dam¬ 
age  by  micrometeorites. 

In  contrast  to  synthetic  fibers,  which  serve  principally  as  semi- 
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finished  products,  polymer  films  of  polyvinyl  chloride,  polystyrene, 
polyethylene,  and  other  plastics  have  important  independent  uses.  Films 
are  necessary  for  protecting  machinery,  for  insulating  structural  ele¬ 
ments  from  wastes,  as  containers  in  the  foodstuffs  industry,  in  the 
manufacture  of  capacitors,  and  in  the  production  of  gas -impermeable 
elastic  materials  for  inflatable  structures,  balloons,  parachutes,  and 
soft  floating  containers  for  transporting  petroleum.  Film  materials 
based  on  polycarbonates,  fluorine -containing  plastics,  and  polyacryl¬ 
ates  can  be  employed  as  movie  film  and  for  sound -recording  tape. 

The  creation  of  plastics  with  given  characteristics  for  specific 
components  and  units  and  the  development  of  reliable  methods  for  modi¬ 
fying  their  physicomechanical  and  technological  characteristics  by 
methods  available  to  commercial  enterprises  are  pressing  problems.  Work 
on  the  synthesis  of  new  polymers  with  high  heat  resistance  and  semlcon- 
ductive  characteristics,  which  are  based  on  changes  in  chemical  compo¬ 
sition  (elemental -organic  compounds,  chelate  polymers,  etc.),  is  of 
great  importance;  attempts  to  regulate  structure  at  the  molecular  and 
supermolecular  levels  (stereospecific  polymerization,  production  of 
grafted  and  unitized  copolymers,  changes  In  degree  of  orientation  and 
crystal  habit,  etc.)  are  also  extremely  valuable. 

The  technological  and  especially  the  operational  characteristics 
of  plastics  are  improved  and  stabilized  by  addition  of  substances  that 
prevent  destruction  by  heat,  light,  or  thermal  oxidation,  increase  wa¬ 
ter  resistance  (dressing  of  glass  fillers),  raise  toxicity  for  micro¬ 
organisms,  reduce  combustibility,  etc. 

The  advances  made  by  chemistry  and  technology  in  improving  exist¬ 
ing  materials  and  developing  new  types  of  plastics  and  new  processing 
methods  are  opening  up  prospects  for  still  wider  and  more  effective 
utilization  of  these  materials  in  diverse  structures. 
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STRUCTURAL  RADIO-ENCINEERINO  CLASS  TEXTOLITE  -  laminar  plastics 
based  on  glass  cloth  and  polymer  binders;  they  have  good  radio-engineer¬ 
ing  characteristics  (low  dielectric  losses  at  high  electromagnetic  fre¬ 
quencies  and  stable  dielectric  permeability).  Polyester,  modified  phe¬ 
nol-formaldehyde,  and  silicoorganlc  resins  are  most  frequently  employed 
as  binders,  epoxy  resins  being  used  less  frequently.  The  glass  cloth 
for  these  materials  is  produced  from  glass  with  an  alkali  content  of 
no  more  than  0.7^. 

TABLE  1 

Basic  Physical  Characteristics  of  Ra¬ 
dio-Engineering  Glass  Textolltes 
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warp;  10)  along  woof;  11)  cr.  compression  alt ng  layers;  12'  cr  tending; 
13)  modulus  of  elasticity  or.  extension  (kg/cm2):  14)  impact  strength 
(kg'cm/crr) ;  15)  water  absorption  ever  24  hr  {%)',  It)  Martens  thermo¬ 
stability  (*C). 


In  order  to  make  the  radio-engineering  and  mechanical  characteris¬ 
tic!'  of  these  materials  more  stable  at  elevated  humidities  glass  cloth 
treated  with  compounds  that  form  chemical  bonds  between  the  glass  fi- 
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TABLE  2 

Dielectric  Characteristics  of  Var¬ 
ious  Types  of  Class  Textolltes  (at  100 
100°  cps). 
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bers  and  the  binder  are  employed  for  special  chemically  active  compounds 
are  added  to  the  binder.  The  dielectric  characteristics  of  glass  texto- 
lites  for  radio  engineering  depend  on  the  type  of  binder  and  filler, 
the  presence  of  special  additives,  and  production  technology.  The  bin¬ 
der  content  is  28-33^>  which  ensures  the  optimum  mechanical  properties 
necessary  for  structural  materials  and  sufficiently  stable  radio-en¬ 
gineering  characteristics. 

Table  1  shows  the  basic  physicomechanlcal  characteristics  of  radio- 
engineering  glass  textolltes. 

The  dielectric  characteristics  of  these  materials  (Table  2)  vary 
with  the  frequency  of  the  electromagnetic  field,  the  temperature,  and 
the  humidity. 

Type  VFT-S  structural  radio-engineering  glass  textollte  has  di¬ 
electric  characteristics  that  vary  relatively  little  at  elevated  tem¬ 
peratures  and  humidities,  especially  when  it  is  produced  at  high  pres- 
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aurea.  All  glass  textolltes  of  this  type  exhibit  a  tendency  toward  an 
increase  In  dielectric  permeability  and  tangent  of  angle  of  dielectric 
loss  as  the  temperature  is  raised.  The  drop  in  these  characteristics 
under  the  initial  action  of  high  temperatures  is  caused  by  a  decrease 
in  the  density  of  the  material  resulcing  from  destruction  and  elimina¬ 
tion  of  low-molecular  setting  products. 

Finished  products  are  fabricated  from  structural  radio-engineering 
glass  textollte  by  contact,  vacuum,  and  autoclave  forming,  in  press 
chambers,  and  by  hydraulic  pressing.  Textolites  obtained  by  contact  and 

o 

vacuum  forming,  which  are  carrie J  out  under  pressures  of  up  to  1  kg/cm  , 
have  the  lowest  density.  Articles  fabricated  in  press  chambers  or  by  the 
autoclave  method  have  a  monolithic  character  and  are  distinguished  by 
increaaed  water  and  moisture  resistance.  Extremely  high-quality  large 
components  are  produced  by  forming  with  a  rigid  punch  and  die;  when 
these  are  assembled  they  form  a  closed  cavity,  in  which  the  glass  cloth 
is  placed  and  into  which  the  binder  is  forced.  Structural  radio-engineer¬ 
ing  glass  textolltes  are  used  in  the  manufacture  of  radio  locating  re¬ 
flectors,  various  types  of  antennas,  housings  for  radio  equipment,  load- 
bearing  atructural  elements  with  radio  transparent  characteristics,  etc. 

References :  Kiselev,  B. A.,  Stekloplastlkl  [Glass  Plastics],  Moscow, 
1961;  Parnas,  Ya.K. ,  Lebedeva,  K. X. ,  In  collection:  Stekloplastlkl  1 
druglye  konatruktslonnyye  plastlki  [Glass  Plastics  and  Other  Structural 
Plastics],  Moscow,  19^0,  pages  36-^8;  Avrasln,  Ya.D. ,  Prigoreva,  A. I., 

PM,  I960,  Ho.  1,  pages  13-21. 

B.A.  Kiselev 
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STRUCTURAL  SHAPING  BRONZE  -  a  bronze  used  in  the  manufacture  of 
load-bearing  components  which  must  simultaneously  be  corrosion- resis¬ 
tant  and  have  special  physical  properties.  Thepe  alloys  include  tin- 
free  and  tin  shaping  bronzes  and  are  produced  as  various  semifinished 
products:  pressed  and  drawn  round,  square,  and  hexagonal  bars  (see 

TABLE  1 

Properties  of  Heat-Treated 
Specimens  of  Certain  Struc¬ 
tural  Shaping  Bronzes 
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l)  Properties  and  heat-treatment  regimes;  2)  BrKNl-3;  3)  MNA13-3;  4) 
quenching  temperature  (°C);  5)  annealing  temperature  (*C);  6)  holding 
time  (Hr);  7)  kg/mm2. 


Bronze  bars),  pressed  tubes  with  outside  diameters  of  50-200  mm,  thin- 
walled  tubes  (see  Bronze  tubes),  sheets,  strips,  bands,  and  wire  (see 
Bronze  wire.  Bronze  strips,  Bronze  sheets,  and  Bronze  bands). 

Semifinished  products  of  aluminum  bronzes  alloyed  with  iron,  nick¬ 
el,  and  manganese  are  distinguished  by  high  strength  coupled  with  suffi¬ 
ciently  high  plasticity  and  impact  strength.  These  alloys  also  have  a 
high  corrosion  resistance,  which  makes  them  irreplaceable  materials  for 
load-bearing  components  in  various  types  of  chemical  apparatus,  ship 
building,  aviation,  and  general  machine  building.  Silicon-manganese 
(BrKNts3-l)  and  silicon-nickel  (BrlCNl-3)  bronzes  are  also  corrosion- 
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TABLE  2 

Mechanical  Properties  of 
Structural  Shaping  Bronzes 
at  Elevated  Temneratures 
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Creep  of  Certain  Structural  Shaping 
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1)  Alloy;  2)  semifinished  product;  3)  temperature  (°C);  4)  yield 
strength  (kg/mm2)  over  1000  hr  under  tension  ($) ;  5)  tin-phosphorus 
bronze  (5.5$  Sn,  0.24$  P);  6)  silicon-manganese  bronze  (2.84$  Si,  1.25$ 
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mm;  11)  deformed  bars. 
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resistant  and  have  rather  high  mechanical  properties.  As  a  result  of  the 
high  plasticity  of  annealed  BrKMts3-l  bronze  it  is  used  in  the  manufac¬ 
ture  of  thin  sheets  (0.05  mm  thick).  This  alloy  is  cold-worked  during 
rolling,  acquiring  high  elasticity.  The  silicon-nickel  bronze  BrKNl-3 
and  the  nickel-aluminum  bronze  MNA13-3  are  dispersion-hardening  alloys; 
their  hardness  and  strength  is  raised  by  quenching  and  annealing  (Table 
1). 

Aluminum-iron  bronzes,  especially  BrAZhN10-4-4,  and  BrKNl-3  bronze 
have  high  hot  strengths  (Tables  2  and  3)  and  are  consequently  used  in 
the  production  of  components  which  must  function  at  high  temperatures 
(nuts,  bolts,  and  other  fasteners,  guidesleeves,  valve  seats,  etc.). 

The  nickel-aluminum  alloy  MNA13-3*  which  contains  13#  Ni  and  3#  Al, 
has  an  extremely  high  hot  strength;  its  ultimate  strength  slowly  de¬ 
creases  as  the  temperature  rises,  amounting  to  no  less  than  30-40  kg/ 
/mm  at  600°.  The  strength  of  all  these  alloys  increases  when  the  tem¬ 
perature  is  reduced  to  — l80°C),  their  plasticity  also  rising  slightly. 
See  Durable  shaping  bronze.  Tool  shaping  bronze,  Spring  shaping  bronze, 
and  Hlgh-hot-strength  shaping  bronze. 

O.Ye.  Kestner 
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STRUCTURAL  STEEL  -  low-carbon  hot-rolled  steel  for  welded  and  rivet¬ 


ed  structural  assemblies. 


TABLE  1 

Classification  of  Rolled 
Steel  by  Thickness 
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strips;  9)  up  To;  10)  more  than. 

TABLE  2 

Mechanical  Characteristics 
of  Structural  Steels 
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rolled  product;  3)  kg/mm-;  4)  <5  n  (%) ,  no  less  than;  b)  5n  {%) ,  no  less 
than;  6)  180°  bending  in  cold  state;  '[)  St.O;  8)  St. 2;  9)ot.2kp;  10) 
St. 3  kp;  11)  St. 3;  12)  St.  4;  13)  St.  h  kp;  14)  St.  5;  15)  no  less 
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Structural  steel  Is  produced  In  types  St.O,  St. 2,  St.3»  St. 4,  and 
St. 5  (according  to  GOST  380-60).  Type  St. 3  Is  the  most  widely  employed; 
it  has  high  plasticity,  which  permits  redistribution  of  stresses  as  a 
result  of  residual  deformation,  Is  susceptible  to  substantial  cold 
working,  has  a  low  sensitivity  to  local  heating  and  severe  cooling,  and 
welds  well.  Structural  steel  is  produced  In  bars,  sheets,  and  broad 
strips,  which  are  classified  by  thickness  as  shown  in  Table  1. 

These  steels  are  subdivided  into  groups  in  accordance  with  the 
requirements  which  they  satisfy: 

A  —  steels  which  satisfy  requirements  imposed  on  their  mechanical 
properties  (St.O,  St. 2,  St. 2  kp,  St.3»  St.  3  kp,  St. 4,  St. 4  kp,  St. 5). 

B  —  steels  which  satisfy  requirements  imposed  on  the  chemical 
composition  (M  St.O,  M  St. 2  kp,  M  St. 3  kp,  M  Ct.3»  M  St. 4  kp,  M  St. 4,  M 
St. 5,  B  St.O,  B  St. 3  kp,  B  St. 3,  B  St. 4  kp,  B  St. 4,  B  St. 5).  For  the 
chemical  composition  of  structural  steels  smelted  in  open-hearth  fur¬ 
naces  and  Bessemer  converters  see  GOST  380-60. 

C  -  steels  which  satisfy  requirements  imposed  on  both  their  mech¬ 
anical  properties  and  chemical  composition  (V  St.  2  kp,  V  St. 3  kp, 

V  St. 3,  V  St. 4  kp,  V  St. 4,  V  St. 5). 

Converter  steel  has  come  into  use  (GOST  9543-60).  Oxygen-converter 
steels  are  designated  by  the  same  trademarks,  adding  the  letter  K,  e.g., 
VKSt.3  in  group  V  and  KSt.3  in  group  B. 

Structural  steels  can  be  classified  as  killed,  rimmed,  or  semi- 
killed,  depending  on  the  extent  to  which  they  are  deoxidized.  Killed 
open-hearth  steel  has  the  highest  characteristics  (for  type  St.  3),  is 
less  cold-short,  has  a  lower  tendency  to  age  after  cold  working,  and 
ivelds  better;  its  critical  brittle-transition  temperature,  as  determined 
on  standard  notched  impact  specimens,  is  considerably  lower  than  for 
rimmed  steel.  To  designate  semikilled  steel  the  letters  ps  are  added  to 
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the  trademark,  e.g. ,  MSt.3ps  and  v  St. 3  ps.  Semikilled  steel  meets  the 
norms  shown  In  Table  2  for  killed  steel. 

Killed  St. 3  steel  satisfying  group  C  requirements  Is  used  in  weld¬ 
ed  structures  which  must  function  under  very  severe  conditions  (at  low 
temperatures  and  under  alternating  dynamic  loads).  Table  3  shows  the 
Impact  strength  of  rolled  articles  of  this  steel  12-25  mni  thick. 


TABLE  3 

Impact  Strength  of  St.  3 
Steel  (no  less  than) 
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Pig.  1.  Change  in  the  Impact  strength  of  St. 3  steel  smelted  by  various 
methods  as  the  temperature  decreases:  1)  Killed  open-hearth  steel;  2) 
rimmed  open-hearth  steel;  3)  rimmed  Bessemer  steel,  a)  kg-m/cnr;  b) 
temperature,  °C. 


The  impact  strength  of  sheets  of  VSt.3  steel  12-20  mm  thick  should 

p 

be  no  less  than  3  kg-m/cm  after  mechanical  aging  at  20°  or  in  the  as- 
delivered  state  at  20°. 

Bessemer  steel  is  the  least  reliable,  especially  when  rimmed.  It 
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Fig.  2.  Change  in  the  impact  strength  of  St. 3  steel  in  various  states 
as  the  temperature  decreases:  l)  Killed  open-hearth  steel  in  £s-de- 
livered  condition;  2)  killed  open-hearth  steel  after  cold-working  and 
aging;  3)  rimmed  open-hearth  steel  in  as-delivered  condition;  4)  rimmed 
open-hearth  steel  after  cold-working  and  aging  (10JG  cold  working  by  ex¬ 
tension,  aging  at  250°  for  1  hr),  a]  kg-m/cm2;  b)  temperature,  *C. 


TABLE  4 

Chemical  Composition  of  M 
St.T  Steel 
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Mechanical  Characteristics  of 
MSt.T  Steel  (for  transverse 
specimens) 
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has  an  Increased  cold-shortness  and  a  tendency  to  age,  so  th?<-  it  car. 
be  used  only  under  static  loads  in  noncritlcal  structures  Intended  to 
function  in  regions  with  a  rather  mild  climate. 
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Structural  steel  has  a  stronger  tendency  to  age  after  cold  working 
(deformation  aging);  its  ultimate  and  yield  strengths  rise,  its  plas¬ 
ticity  decreases,  its  impact  strength  drops  sharply,  and  Its  tendency 
toward  brittle  fracture  is  increased. 

Oxygen-converter  steel  is  similar  in  its  characteristics  to  open- 
hearth  steel. 

Figure  1  shows  the  variation  in  the  impact  strength  of  St. 3  steel 
smelted  by  different  methods  as  a  function  of  decrease  in  temperature. 
The  variation  in  this  characteristic  as  a  function  of  temperature  for 
St. 3  steel  in  various  states  is  shown  in  Fig.  2.  With  a  symmetric 
stress  cycle  the  durability  of  St. 3  steel  (a_1)  amounts  to  17-20  kg/mm2, 

O 

while  for  notched  specimens  it  drops  to  13-17  kg/mm  . 

Structural  steels  are  used  principally  in  the  hot-rolled  state, 
but  a  tendency  has  developed  to  raise  their  strength  by  heat  treatment. 
Heat-treated  type  MSt.T  structural  steel  is  produced  in  accordance  with 
GOST  9458-60  (Tables  4  and  5). 

The  principal  method  of  protecting  structural  steels  from  corro¬ 
sion  is  careful  painting  of  the  structure  after  proper  preparation  nf 
its  surface.  Zinc  plating  and  phosphating  are  employed  in  certain  cases, 
as  is  aluminum,  plating  (sometimes  with  subsequent  painting). 

Fjcf  erences :  Streletskiy,  N.S.,  Materlaiy  k  kursu  stal'nykh  kon- 
struktsii,  vyp.  1  -  Rabota  stall  v  stroitel 'nykh  konstruktstyakh  [Ma¬ 
terials  for  a  Course  in  Steel  Structures,  No.  1  -  Functioning  of  Steel 
in  Structural  Assemblages],  Moscow,  1956;  Kurayev.  V.V. ,  Chernashkin, 
V.G. ,  Stroitel 'nyye  stall  [Structural  Steels],  Moscow- Khar ' kuv ,  1)41: 
Shchapov,  N. ?. ,  In'shakov,  N.N.,  Nlskolegircvannyye  stall  pc yshennoy 
prochnosti  diva  metallichesklkh  konstruktsiy  [High-Strength  Low-Alloy 

Steel  for  Metallic  Structures],  Moscow,  1951#  Ch.  2,  page  3;  Strugov- 
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shchikov,  D. P. ,  Proizvodstvo  malouglerodistoy  stall  [Production  of  Low- 
Carbon  Steel],  2nd  Edition,  Sverdlovsk,  1959;  Gulyayev,  A.P. ,  Mitrofanov, 
A. A.,  Volkova,  M.A. ,  Kachestvo  konverternogo  klpyashchego  metalla,  vy- 
plavlenr.ogo  s  produvkoy  klslorodom  [Quality  of  Rimmed  Converter  Metal 
Smelted  with  Forced  Oxygen  Supply],  Stal'  [Steel],  I960,  No.  8;  Kazant¬ 
sev,  I.G. ,  et  al. ,  Prolzvodsto  poluspokoynoy  llstovoy  stall  [Production 
of  semlkilled  sheet  steel].  Ibid.,  1961,  No.  11 ;  Smolyarenko,  D.A. , 
Kachestvo  uglerodlstoy  stall  [Quality  of  Crrbon  Steel],  Moscow,  1961. 

E. Sh.  Volokhvyanskaya 
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STRUCTURAL  STRENGTH  —  the  strength  of  a  material  realizable  in  a 
structure.  In  some  cases  structures  of  a  material  having  a  higher 
static  (e.g. ,  ultimate)  strength  or  dynamic  (e.g. ,  fatigue)  strength 
when  laboratory  specimens  are  tested  fracture  under  lower  loads  after 
a  shorter  operational  time  than  structures  of  materials  less  strong  un¬ 
der  laboratory  conditions  (see  Table  1).  This  noncorrespondence  between 
the  strength  and  structural  strength  of  materials  is  due  primarily  to 
the  following  peculiarities  of  structures  in  comparison  with  laboratory 
specimens:  1)  A  structure  is  generally  considerably  larger  (Scale  ef¬ 
fect)  .  As  the  size  of  a  loaded  body  increases  at  a  constant  stress  lev¬ 
el  its  reserve  elastic  energy  rises.  It  has  been  demonstrated  theoret¬ 
ically  that  it  is  possible  for  internal  cracks  or  defects  to  develop 
if  the  accumulated  potential  energy  of  deformation  exceeds  or  equals 
the  work  required  to  create  a  new  surface  of  separation  in  the  zone  ad¬ 
jacent  to  the  origin  of  a  crack.  The  transition  from  viscous  to  macro- 
brittle  fracture  has  been  observed  experimentally  on  many  occasions  in 
a  single  material  (even  one  as  plastic  as  low-carbon  steel)  when  the 
reserve  energy  of  elastic  deformation  is  raised  by  an  increase  in  com¬ 
ponent  size  or  a  change  in  the  flexibility  of  the  entire  stressed  sys¬ 
tem.  Hence  it  follows  that  the  tendency  toward  brittle  fracture  and  de¬ 
velopment  of  fine  cracks  or  defects  with  time  (so-called  'delayed" 
fracture)  is  governed  both  by  the  characteristics  of  the  material  and 
by  those  of  the  structure  Itself.  In  evaluating  the  role  of  the  rale 
factor  it  must  he  taken  into  account  that  individual  structural  ele- 

smaller  than  the  laboratory 
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ments  may  be  considerably 


specimens  used 


III-113P1 


to  determine  the  characteristics  of  the  material,  as  Is  the  case  for 
)  many  modern  miniaturized  devices.  Filamentous  crystals  with  a  strength 
close  to  the  theoretical  limit  can  be  used  in  a  number  of  cases.  2)  The 
geometric  complexity  of  a  structure  (the  presence  of  various  types  of 
stress  concentrators  In  the  form  of  substantial  drops  in  rigidity, 
small  radii  of  curvature,  etc.)  and  the  diverse  systems  of  real  exter¬ 
nal  loads  acting  on  it,  which  often  lead  to  pronounced  nonuniformity  of 
stressing  in  the  components.  By  virtue  of  this  uhencmenon,  plastic  de¬ 
formation  is  severely  localized  In  the  components,  wnile  in  laboratory 
tests  the  basic  mechanical  characteristics  of  the  material  are  deter¬ 
mined  after  considerable  plastic  deformation  of  the  material  as  a 
whole  (e.g. ,  during  extension  of  smooth  specimens)  or  in  a  rather  large 
volume  (e.g.,  during  extension  of  notched  specimens,  impact  bending, 
*tc.).  In  many  cases,  even  when  the  components  are  comparatively  sim¬ 
ple  in  shape  and  there  is  no  material  local  stressing,  the  character 
of  the  stressed  state  itself  hampers  plastic  deformation  and  facili¬ 
tates  development  of  various  types  of  defects.  For  example,  in  a  thln- 
walled  cylinder  terminating  at  either  end  in  a  smooth  t’-an'ition  to  a 
hemisphere  and  loaded  under  internal  pressure  (biaxial  extension)  the 
changes  i”  size  are  concentrated  In  a  single  direction,  through  the 
walls,  which  is  <n  accord  with  theories  which  take  into  account  the 
role  of  defects;  the  strength  of  such  a  cylinder  on  brittle  fracture 
may  be  3^  le~s  than  its  strength  on  uniaxial  extension.  If  ther**  are 
annular  pieces  of  relatively  large  cross-section  at  the  joints  between 
the  hemispheres  and  the  cylindrical  portion  of  the  shell  considerable 
additional  bending  stresses  develop  *t  these  points  and  free  deforma¬ 
tion  in  tne  marginal -effect  zone  becomes  still  mere  difficult.  When 
there  is  a  marked  nonuniformity  of  stressing  crack  format*  a  ,d  propa¬ 
gation  at  the  action  points  of  the  largest  stresses  ran  l  prevented 
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only  by  a  high  capacity  for  local  plastic  deformation  under  severe  con¬ 
ditions.  In  this  connection  such  characteristics  of  a  material  as 
strength  of  notched  specimens  on  simultaneous  extension  and  bending 
(see  Notch  sensltlvty)  or  narrowing  at  the  base  of  a  sharp  notch  dur¬ 
ing  tensile  testing,  although  not  directly  utillzable  in  structural 
culations,  are  very  important  indices  for  preliminary  evaluation  of 
structural  strength.  3)  The  presence  of  Internal  "  technological1'  ten¬ 
sile  stresses,  often  rather  large,  in  the  structure  after  welding,  ma¬ 
chining,  heat  treatment,  straightening,  bending,  etc.  The  negative  ef¬ 
fect  of  these  stresses  is  sometimes  intensified  by  assembly  stresses, 
as  at  points  where  components  press  against  one  another  or  in  separate 
joints  held  together  with  bolts,  etc.  Residual  stresses  are  a  source  of 
elastic  energy  even  in  the  absence  of  external  loading  and  thus  promote 
brittle  fracture.  In  addition,  in  many  structures  they  extend  and  in¬ 
tensify  the  nonuniformity  of  the  stressed  state,  as  a  result,  plastic 
deformation  at  the  sites  of  greatest  stress  concentration,  which  leads 
to  redistribution  and  equalization  of  the  stresses,  is  hampered  and 
brittle  fracture  is  thus  facilitated,  d)  The  specific  condition  of  the 
component's  surface,  which  is  associated  with:  a)  the  presence  of  a 
substantially  larger  number  of  surface  defects  (which  are  potential 
foci  of  brittle  fracture),  both,  by  virtue  of  the  larger  surface  area  of 
components  in  comparison  with  laboratory  specimen:  and  ar  a  result  of 
the  fact  that  it  is  often  rather  difficult  under  production  conditions 
to  protect  components  from  numerous  minor  superficial  injuries,  fur- 
face  defects  are  more  detrimental  (twice  as  detrimental  according  to 
Griffiths)  as  internal  defects  ad,  from  this  standpoint,  a  structure 
will  always  be  subject  to  less  favorable  conditions  than  a  laboratory 
specimen:  b'  the  need  in  many  cases  tc  subject  components  to  degreas¬ 
ing,  pickling,  ar.d  application  of  various  coatings  tc  provide  corrosion 
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protection  and  to  give  them  special  surface  characteristics  (see  Galvan 
lzation  of  steel.  Hydrogen  brittleness  of  steel).  In  some  cases  forma¬ 
tion  of  microcracks  (e.g. ,  as  a  result  of  hydrogen  absorption  by  steel 
during  pickling  or  galvanization)  or  development  of  residual  tensile 
stresses  (e.g.,  during  nickel-  or  chromium-plating  of  steel)  may  occur 
during  these  processes;  c)  changes  in  the  chemical  composition  and 
structure  of  the  surface  layer  as  a  result  of  heat  treatment  or  opera¬ 
tion  at  high  temperatures  (oxidation,  decarbonization,  combustion  of 
volatile  elements,  etc.)  5)  The  often  complex  conditions  obtaining  in 
the  ambient  medium,  hose  complex  action  it  is  frequently  hard  to  re¬ 
produce  in  laboratory  tests,  including  tropical  conditions,  which  in¬ 
volve  the  joint  action  of  humidity,  temperature,  and  microorganisms,  or 
the  conditions  of  outer  space,  which  involve  sucn  factors  as  low  temper 
ature,  high  degrees  of  atmospheric  rarefaction,  cosmic  and  solar  radia¬ 
tion,  and  meteoric  particles  (see  Preparation  of  materials  for  astro- 
nautlc  applications). 

TABLE  1 

Comparison  of  Ultimate  Strengths  of  Base  Material  (ob) 
and  Welded  Joint  (O^sv)  on  Uniaxial  Extension  of  Lab¬ 
oratory  Specimens  with  Ultimate  Strengths  of  Thin- 
walled  Welded  Cylindrical  Shells  (C^kT  Exhibiting  No 
Special  Thickening  of  Base  Material  in  Welded  Joint  or 
Around-the-Weld  Zone 
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1)  Material;  2)  state;  3)  kg/mm  ;  •*)  structural  strength  c..  ( kg/mm  ) ; 
5)  shell  diameter  d  and  wall  thickness  h  (me);  6)  AMgo  aluminum  alloy; 
7)  Al-Mg-Zn  alloy;  8)  VL1D  steel;  9)  steel  alloyed  with  Cr,  Nl,  W,  Mo, 
and  V  and  containing  C;  10)  annealed  at  325* ;  11)  naturally  aged; 

12)  quenched  and  tempered  at  23C4;  13)  quenched  and  tempered  at  270*. 


3951 


III-113p^ 


The  absence  of  an  unambiguous  relationship  between  the  mechanical 
characteristics  of  a  material.,  as  determined  by  laboratory  testing  of 
specimens,  and  the  behavior  of  a  finished  structure  is  most  frequently 
manifested  when  using  high-strength  materials,  i.e.,  steel  with  > 

r\  2 

>  120  kg/mm  ,  aluminum  alloys  with  >  40-45  kg/mm  ,  or  titanium  al- 
loys  with  dfc  >  85  kg/ mm  ,  although  in  individual  cases  a  decrease  in 
the  of  medium-strength  materials,  which  is  accompanied  by  an  in¬ 
crease  in  plasticity,  rupture  resistance,  impact  strength,  etc.,  may 
lead  to  a  rise  in  structural  strength. 

The  increased  tendency  of  high-strength  materials  toward  brittle 
fracture  is  due  primarily  to  the  fact  that  they  have,  as  a  rule,  a  re¬ 
duced  capacity  for  local  plastic  deformation.  The  heat  treatment  or 
thermomechanical  processing  employed  in  order  to  obtain  high  strength 
leads  to  development  of  internal  macrostresses  and  microstresses  (see 
Internal  stresses).  High-strength  materials  also  have  a  reduced  Rupture 
resistance.  Microcracks  are  usually  formed  earlier  and  propagate  more 
rapidly  as  the  structural  nonuniformity  of  the  material  increases.  A 
reduction  in  the  structural  nonuniformity  of  high-strength  materials 
leads  to  a  rise  in  structural  strength.  The  presence  of  nonmetallic  in¬ 
clusions  ar.d  brittle  intermetallides  is  especially  detrimental  to  such 
materials. 

For  better  practical  evaluation  of  the  structural  strength  of  ma¬ 
terials  it  has  recently  become  more  and  more  common  to  utilize  new  test 
methods  under  laboratory  conditions;  these  techniques  involve  determin¬ 
ation  of  such  characteristics  of  the  material  as  the  propagation  rate 
of  a  fine  crack  (or  the  time  to  fracture  for  a  specimen  with  a  crack  of 
predetermined  size)  under  the  prolonged  action  of  static  or  repetitive 
loads,  the  work  required  to  fracture  a  specimen  containing  a  fine  crack, 
or  the  time  to  fracture  for  a  specimen  subjected  to  a  given  load  but 
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with  different  elastic-energy  reserves  in  the  specimen  -  loading-de¬ 
vice  system.  The  comparison  of  certain  structural  materials  with  re¬ 
spect  to  sensitivity  to  fine  cracks  and  to  reserve  elastic  energy  on 
the  one  hand  and  with  respect  to  such  widely  utilized  characteristics 
as  ultimate  strength,  elongation,  and  impact  strength  cn  the  other,  a 
comparison  shown  in  Table  2,  indicates  that  these  new  characteristics 
may  lead  to  a  totally  different  evaluation  of  materials  than  the  stand¬ 
ard  indices  of  strength  and  plasticity.  Operational  experience  has  con¬ 
firmed  the  enormous  importance  of  the  sensitivity  of  the  material  to 
fine  cracking  and  to  reserve  elastic  energy  in  the  strength  and  relia¬ 
bility  of  many  structures.  For  example,  in  aircraft  building  use  of 
isothermal  quenching  of  30KhGSNA  steel  to  =  16O-I8O  kg/mm  instead 
of  low-temper  30KhGSA  steel,  which  is  of  equal  strength  but  requires 
only  one-third  as  much  work  to  fracture  a  cracked  specimen  (see  Table 
2),  made  it  possible  to  materially  increase  structural  reliability.  The 
high  propagation  rate  of  fine  cracks  in  V95  alloy  in  comparison  with 
Dl6  alloy  makes  it  unwise  to  use  V95  for  tensioned  aircraft-skin  ele¬ 
ments,  despite  its  higher  strength  and  sufficiently  high  plasticity 
(elongation)  on  static  fracture  of  smooth  specimens. 

Structural  strength  is  not  dependent  solely  on  the  characteristics 
of  the  material.  It  is  governed  to  a  lesser  extent  by  the  efficiency  of 
the  structure,  its  technological  level,  and  the  operating  conditions. 
According  to  the  data  of  the  London  International  Conference  on  Metal 
Fatigue  (1956),  there  were  only  two  cases  of  structural  fatigue  frac¬ 
ture  (out  of  several  hundred)  in  which  the  cause  of  fracture  was  de¬ 
fects  in  the  material.  In  the  majority  of  instances  fatigue  fracture 
under  operational  conditions  resulted  from  structural  deficiencies  that 
produced  large  stre  s  concentrations,  from  machining  defects,  or  from 
incorrect  assembly.  A  combination  of  metallurgical,  design,  and  techno- 
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logical  measures  ensures  increased  structural  strength.  The  design 
measures  essentially  reduce  to  planning  of  components  without  substan¬ 
tial  drops  in  rigidity,  to  location  of  welded  joints  at  a  sufficient, 
distance  from  the  sites  of  greatest  stress  concentration ,  to  a  reduc¬ 
tion  in  the  flexibility  of  the  entire  structure  (a  decrease  in  reserve 
elastic  energy),  and  to  use  of  deloading  notches,  rounding-off  of  sharp 
edges,  etc. 

TABLE  2 

Strength,  Plasticity  and  Sensitivity  to  Fine  Crack¬ 
ing  of  Certain  Aluminum  Alloys  and  Steels 
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1)  Material;  2)  state;  3)  kg/mm  ;  4)  kg-m/cm  ;  5)  work  required  to 
fracture  cracked  specimen,  d.  (kg-m/cm^);  6)  time  to  fracture  of  speci¬ 
men  (in  #)  on  uniaxial  initial  loading  and  reserve  elastic  energy  of 
system;  7)  Dl6  aluminum  alloy  (sheet);  8)  V95  aluminum  alloy  (sheet); 

9)  AK4-1  aluminum  alloy  (sheet);  10)  VAD23  aluminum  alloy  (sheet);  11) 
12Kh5MA  steel;  12)  30KhGSA  steel;  13)  30KhGSNA  steel;  14)  naturally 
aged;  15)  artificially  aged;  16)  quenched  from  950°  and  tempered  at 
200°;  17)  quenched  from  950°  and  tempered  at  540°;  18)  quenched  from 
890°  and  tempered  at  225°;  19)  quenched  from  890°  and  tempered  at  510°; 
20)  isothermally  quenched  in  potassium  nitrate  bath  at  250°. 
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The  effectiveness  of  many  metallurgical  and  technological  measures 
depends  on  the  conditions  under  which  the  structure  functions  (brief  or 
prolonged  loading,  static  or  fatigue  loads,  component-operation  temper¬ 
ature  regime,  ambient  medium,  etc.).  Some  measures  are  useful  under 
certain  conditions  but  may  have  a  negative  effect  under  others.  Thus, 
production  of  a  fine-grained  structure,  which  increases  the  rupture  re¬ 
sistance  of  high-strength  materials,  raises  their  structural  strength 
under  static  loads  at  room  and  low  temperatures,  as  well  as  their 
fatigue  strength.  Conversely,  when  the  metal  is  subject  to  brittle 
fracture  along  the  grain  boundaries  (e.g.,  during  the  operation  of  com¬ 
ponents  under  prolonged  static  loads  at  high  temperatures)  increasing 
the  grain  size  proves  helpful  within  certain  limits.  Superficial  cold¬ 
working,  which  increases  fatigue  strength  at  room  and  moderately  eleva¬ 
ted  temperatures  and  raises  corrosion  resistance  in  loaded  components, 
has  a  negative  influence  on  long-term  strength  at  high  temperatures 
as  a  result  of  its  acceleration  of  diffusion  pr'- jesses,  which  cause 
over-aging  of  the  material.  High  impact  strength  and  notch  plasticity 
raise  the  structural  strength  of  components  under  static  and  impact 
loads;  in  addition,  components  subject  to  fatigue  and  wear  must  be 
cemented  and  nitrided,  although  this  reduces  their  plasticity  and  vis¬ 
cosity  tc  a  negligible  level.  Controlled  pickling  has  little  effect  on 
static  strength  and  short-term  fatigue,  but  substantially  reduces  ser¬ 
vice  life  under  prolonged  fatigue  loads.  A  very  thin  soft  surface  layer 
(produced  by  decarbonization  of  high-strength  steel  or  plating  of  high- 
strength  aluminum  alloys  with  aluminum)  increases  structural  strength 
under  static  loads  at  room  temperature  and  reduces  structural  strength 
in  components  subject  to  Fatigue.  Such  metallurgical  and  technological 
measures  as  increasing  the  purity  of  the  metal  (by  vacuum  smelting), 
which  basically  promotes  a  decrease  in  the  scattering  of  mechanical 
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characteristics  pertaining  to  strength  (see  Problem  of  reliability  of 
materials),  careful  finishing  of  tne  surface  during  machining,  reduc¬ 
tion  of  the  residual  stresses  produced  by  welding,  heat  treatment,  and 
machining,  etc.,  are  very  effective  in  raising  structural  strength  un¬ 
der  the  most  diverse  component-operation  conditions. 

While  attaching  great  importance  to  such  characteristics  as  sensi¬ 
tivity  to  fine-crack  propagation  and  reserve  elastic  energy,  tendency 
toward  delayed  fracture,  notch  plasticity,  and  strength  on  combined  ex¬ 
tension  and  bending,  it  must  be  emphasized  that  any  final  evaluation  of 
structural  strength  should  be  based  on  natural  or  seminatural  testing. 

References :  Fridman,  Ya.B. ,  Mekhanicheskiye  svoystva  metalov 
[Mechanical  Characteristics  of  Metals],  2nd  Edition,  Moscow,  1952; 
Drozdovskiy,  B.A. ,  Fridman,  Ya.B.,  Vliyaniye  treshchin  na  mekhaniches¬ 
kiye  svoystva  konstruktsionnykh  staley  [Influence  of  Cracks  on  the 
Mechanical  Characteristics  of  Structural  Steel],  Moscow,  1959;  Potak, 
Ya.M. ,  Khrupkiye  razrusheniya  stall  i  stal'nykh  detaley  [Brittle  Frac¬ 
ture  of  Steel  and  Steel  Components],  Moscow,  1955;  Nekotoryye  problemy 
prochnosti  tverdogo  tela  [Certain  Problems  in  the  Strength  of  Solids], 
collection  of  articles,  Mcsccw-Lenlngrad,  1959;  Ustalost’  i  vynoslivost’ 
metallov  [Fatigue  and  Durability  of  Metals],  collection  of  articles, 
edited  by  G.V.  Uzhika,  Moscow,  1963;  Nemetz,  Ya.,  Raschety  prochnosti 
sosudov,  pabotayushchikh  pod  davleniyem  [Calculation  of  the  Strength 
of  Vessels  Functioning  under  Pressure],  translated  from  Czech,  Moscow, 
1964. 
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STRUCTURING  -  the  combination  of  two  or  more  chain  molecules  of  a 
high-molecular  substance  by  formation  of  cross-bonds,  which  produces 
three-dimensional  structures,  or  "lattices."  Tnis  process,  Just  as  des¬ 
truction,  greatly  Influences  the  physical  characteristics  of  polymers. 

It  is  utilized  in  technology  to  produce  new  materials  (rubbers  from  gum 
rubber  by  vulcanization,  which  is  essentially  structuring,  three-dimen¬ 
sional  resins  and  other  plascics,  etc.).  Structuring  can  be  induced  by 
physical  agents,  such  as  heat  and  radiant  energy  (particularly  ultra¬ 
violet,  x-,  and  7^-rays),  and  by  chemical  additives,  vulcanization,  etc. 
It  can  also  result  from  secondary  cracking  processes,  oxidation,  radio- 
lysis,  etc.,  since  the  free  radicals  produced  in  such  cases  may  cause 
chain  or  nonchain  reactions  involving  bonding,  or  "linking,"  of  chain 
molecules.  This  type  of  structuring  is  one  of  the  factors  responsible 
for  the  change  in  the  characteristics  of  materials  during  aging.  Struc¬ 
turing  is  also  observed  in  polymers  under  the  action  of  mechanical  fac¬ 
tors,  being  the  result  of  secondary  processes  caused  by  destruction. 

In  colloid  chemistry  the  term  structuring  also  refers  to  the  forma¬ 
tion  of  three-dimensional  gel  aggregates  in  dispersed  systems.  Such 
structuring  differs  from  the  chemical  structuring  described  3bove  in 
the  fact  that  it  is  caused  by  intermolecular  forces. 

References :  Alfrey,  T. ,  Mekhanichesklye  svoystva  vysokopolimerov 
(Mechanical  Characteristics  of  High-Polymer  Materials),  translated  from 
English,  Moscow,  1952;  Barg,  E. I. ,  Tekhnologlya  sintetiche3kikh  plas- 
tlchesklkh  mass  [Technology  of  Synthetic  Plastics],  Meningrad,  1954; 
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Dogadkin,  B.  A. ,  Khimiya  i  fizika  kauchuka  [Chemistry  and  Physics  of  Gum 
Rubber],  Moscow-Lenlngrad,  1947. 


N.N.  Lezhnev 


STYROFLEX  -  see  Polystyrene  fiber. 
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SULFIDING  OF  STEEL  -  a  process  involving  surface  saturation  of 
steel  with  sulfur  in  order  toincrease  the  seizing  and  wear  resistance 
of  the  friction  surfaces  of  machine  and  equipment  components.  In  the 
opinion  of  the  majority  of  researchers,  sulfur  does  not  form  solid 
solutions  in  a-iron.  The  following  sulfides  are  formed  when  iron  re¬ 
acts  with  sulfur:  FeS,  FegS^,  and  FeS^.  Other  elements  also  react  with 
the  sulfiding  reagent,  certain  of  them,  e.g. ,  Mn,  Al,  and  Zn,  forming 
highe  ergy  bonds  with  sulfur  than  Fe. 

Sulfiding  of  steel  is  carried  out  in  solid,  gaseous,  and  liquid 
media.  Sulfiding  in  solid  media  is  based  on  production  of  active  sul¬ 
fur  and  its  dlffutlon  into  the  layers  of  the  components  being  treated. 
The  sulfer-bearlng  medium  has  the  following  composition;  ferric  sul¬ 
fide,  9^,  ammonium  chloride  or  potassium  ferrccyanide  -  3*,  and  graph¬ 
ite  —  3**  A  mixture  with  this  composition  can  be  used  repeatedly,  20# 
of  fresh  mixture  being  added  each  time.  For  solid  sulfiding  of  fully 
treated  components  of  high-speed  steel  or  cast  iron  the  heating  temper¬ 
ature  should  be  360-370°;  when  sulfiding  components  to  be  subjected  to 
subsequent  quenching  the  heating  temperature  should  be  900-930*. 

Gas  sulfiding  is  carried  out  in  a  stream  of  hydrogen  sulfide  at 

200°. 

The  following  are  the  most  widely  used  baths  for  liquid  sulfiding. 
1)  Minsk  Automobile  Plant  bath:  17*  NaCl,  25*  BaCl2,  38*  CaCl2,  3.4* 
Na2S0^,  13.2*  FeS,  and  3*4*  K^Fe(CN)^;  working  temperature  -  56O0; 
treatment  time  -  3  hr.  2)  NIIKhIMMASh  (All-Union  Scientific  Research 
and  Design  Institute  of  Chemical  Machine  Building)  bath:  4. 16*  JCC1, 
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51#  Na2SO^,  5.6#  NagSgO^,  and  1.8#  NaCNS ;  working  temperature  -  570°; 
treatment  time  —  2  hr.  3)  ENIMS  (experimental  scientific  Research  In¬ 
stitute  of  Metal  Cutting  Machine  Tools)  bath:  73#  K^FefCN)^,  17#  NaOH, 
and  10#  NagSgO^;  working  temperature  -  570°;  treatment  time  -  2  hr. 

The  first  two  baths  ensure  increased  seizing  resistance  by  creat¬ 
ing  a  layer  of  ferric  sulfide  on  the  surface  of  the  metal.  A  consid¬ 
erably  more  effective  increase  in  the  wear  resistance  of  steel  can  be 
obtained  by  depositing  a  thick  nitrogen-  and  carbon-enriched  layer 
(0. 1-0.2  mm)  under  a  thin  sulfide  layer  (0. 03-0. 05  mm). 

In  France,  England,  and  Czechoslovakia  sulfiding  of  steel  is  car¬ 
ried  out  in  baths  consisting  of  95#  sodium  cy  ide  (NaCN)  and  5#  sodium 
sulfate  (NagS^^).  This  process  is  more  correctly  called  sulfocyanidlng. 


References :  Kostkin,  V.V.  et  al.  ,  Sul  *f  idirovaniye  poverkhnostey 
treniya  (Sulfiding  of  Surface  Cracks ], Moscow,  1S>4  (In-t  tekhniko- 
ckonomicheskoy  infonnatsii  [Institute  of  Technical-Economic  Informa¬ 
tion],  Report  13,  No.  K-54-178);  Povyshenlye  lzncstoykosti  i  sroka 
sluzhby  mashln  [Increasing  the  Wear  Resistance  and  Service  Life  of 
Machinery],  Vol.  2,  Kiev,  i960. 

A.G.  Andreyevs 
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SUPERDURADJMIN  -  an  aluminum  alloy  containing  4#  Cu,  0.4#  Mg, 

0.7#  Mn,  and  3#  SI.  Its  chemical  composition  differs  from  that  of  type 
D1  duralumin  In  its  higher  silicon  content,  which  considerably  hardens 
the  alloy  during  artificial  aging  (see  Aging  of  aluminum  alloys).  Su- 
perduralumln  has  higher  yield  and  ultimate  strengths:  ob  =  45-49  kg/mm  , 
00  2  -  35-39  kg/mm  ,  and  <5  »  8-14#.  Type  AK8  superduralumin  is  used  In 
the  USSR,  being  produced  in  bars,  forgings,  and  stampings  (see  Aluminum 
forging  shaping  alloys);  it  is  not  used  for  sheets  because  of  Its  high 
tendency  toward  intercrystallite  corrosion  (see  Corrosion  of  aluminum 
alloys). 

O.S.  Bochvar,  K. S.  Pokhodayev 


i 
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SUPERINVAR  —  see  Invar. 
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see  High- permeability 
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SURFACE  EftRDENING  OF  ALUMINUM  ALLOYS  -  treating  the  surface  of  a- 
luminum  alloy  products  (shot  peening,  rounding  up,  etc.  )  which  results 
in  workhardening  of  a  thin  surface  layer  of  metal  in  order  to  increase 
the  fatigue  strength. 

Ye.D.  Zakharov. 
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SVAM  -  see  Glass-filled  plastics. 
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SWEATING  MATERIAL  -  a  pure  metal  or  cermet  alloy  containing  a 
considerable  number  of  small  pores  (up  to  60#).  These  materials  are 
so  designated  as  a  result  of  their  ability  to  pass  liquids,  which  ap¬ 
pear  at  the  surface  of  the  article  as  drops  or  vapor.  They  are  produced 
In  the  form  of  sheets,  sleeves,  cones,  etc.  The  most  widely  employed 
sweating  materials  are  nickel,  nichrome,  and  stainless  steel.  The 
table  shows  the  characteristics  of  sweating  materials  based  on  nickel 
with  porosities  of  20#  and  50#. 

Characteristics  of  Certain 
Types  of  Nickel -Based  Sweat¬ 
ing  Materials 


1 

CllO«CT.» 

2  IJopucroer* 

20% 
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fljlOTWOCTk  ( i'CM ') 

6. 8-8. 8 

J.8-* 

HB  <W'J«X’>4  . 
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O,  (1 tr/MM')  .  .  . 

34—35 

*,7-8.5 

(J_»  (KI'MM')  .  ■ 

180-200 

110-115 

Ojn r  (k* :*.*’)  .  . 
F.  (KflMM’) 

60-70 

8. 5-0.6 

5000 

2200 

(»»*!'<■  At1)  5  . 

0, 6-0.7 

0.17-0.2 

\  (*04  rjN  Cfv  °C)6 
a  1 0«  (20—800®) 

0.022-0.057 

0,011  —0 .02* 

(iro . 

12,8-18.5 

12.8-16.3 

l)  Characteristic;  2)  por¬ 
osity;  3}  density  (g/cm3); 
4)  kg/mm? ) ;  5)  kg-m/cm2); 
6)  cal/cm* sec* °C. 


One  of  the  most  important  operational  characteristics  of  sweating 
materials  is  their  permeability,  which  depends  principally  on  their 
porosity  and  the  pressure  at  which  the  coolant  is  supplied.  Sweating- 
material  products  are  manufactured  from  powders  by  pressing  in  steel 
press  forms  or  by  rolling  into  sheets  and  strips  and  subsequent  sinter¬ 
ing.  Such  products  are  not  as  yet  widely  used,  but  are  very  promising 
in  connection  with  the  development  of  the  new  technology. 
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References :  Campbell,  J.B. ,  Porous  Metal  Sheets,  Mater,  and 
Methods,  1955*  Vol.  4l,  No.  4,  pages  98-IOI;  Lenel,  F.V. ,  Powder  Metal¬ 
lurgy  Now,  Proc.  Amer.  Soc.  Test.  Mater.,  1955*  Vol.  55*  pages  655- 
688;  Mater,  and  Methods,  1956,  Vol.  43,  No.  4. 

V.S.  Rakovskiy 
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SWELLING  is  the  absorption  of  fluid  by  a  gel  or  solid  high-molec¬ 
ular  substance  accompanied  by  increase  of  the  volume  of  the  swelling 
body.  In  the  swelling  process  the  molecules  of  the  low-molecular  fluid 
penetrate  into  the  high-molecular  substance  and  cause  extension  of  the 
links  and  bonds  of  the  high  polymer.  We  differentiate  unlimited  and 
limited  swelling.  In  unlimited  swelling  the  high  polymer  first  absorbs 
the  fluid  and  then,  at  the  same  temperature,  gradually  dissolves,  form¬ 
ing  a  monopnasic,  homogeneous  system.  Limited  swelling  is  characterized 
by  the  presence  of  a  limited  extent  to  which  the  high  polymer  absorbs 
the  fluid,  regardless  of  time.  With  teuperature  increase,  some  of  the 
limited  swelling  polymers  dissolve  in  the  fluids  (gelatin).  The  high 
polymers,  having  a  three-dimensional  structure,  swell  to  a  limited  ex¬ 
tent,  forming  gelatins  in  the  swollen  state.  Swelling  is  characterized 
by  the  degree  of  swelling  a,  computed  from  the  relation 

a  =  m-mg/nig, 

where  hIq  is  the  polymer  weight  prior  to  swelling,  m  is  the  polymer 
weight  after  swelling.  In  certain  cases  we  substitute  in  place  of  m 
and  mQ,  respectively,  VQ  and  V  -  the  high  polymer  specimen  volumes 

prior  to  and  after  swelling.  Thus,  a  is  numerically  equal  to  the  weight 

3  3 

(grams)  or  volume  (cm  )  of  the  fluid  absorbed  by  1  gram  and  1  cm  of 

the  high  polymer. 

Swelling  plays  an  important  role  in  the  technological  processes 
of  working  with  the  polymers.  The  degree  of  swelling  is  used  to  define 
the  stability  of  the  high  polymers  to  the  action  of  fluids  and  vapors. 

References:  T'lger  A. A.,  Rastvory  vysokomolekulayrnykh  soyedinenly 
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(Solutions  of  High  Molecular  Compounds),  M.,  1951 j  Voyutskiy  S.S.  Rast 
vory  vysokomolekulyamykh  soyedineniy  (Solutions  of  High  Molecular  Com 
pounds),  2nd  edition,  M.,  i960;  Tager  A. A.,  Fiziko-khimiya  polimerov 
(Physico-Chemistry  of  Polymers),  M.,  1963. 


S.A.  Reyt linger 
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SYMMETRIC  STRESS  CYCLE  -  a  cycle  In  which  the  maximum  and  minimum 
stresses  are  equal  in  magnitude  but  opposite  in  sign: 

aMI!  =  —  “  ~  T»»« 

In  a  symmetric  cycle  the  average  stress  equals  zero  and  the  coefficient 
of  asymmetry  r  =  -1.  See  Fatigue. 

G.T.  Ivanov 
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SYNOXAL  -  a  ceramic  material  based  on  aluminum  oxide.  Its  name 
is  composed  of  the  initial  letters  of  the  words  "synthesis,”  "oxide," 
and  "aluminum."  In  addition  to  aluminum  oxide  synoxal  contains  certain 
other  compounds  formed  principally  by  the  synthetic  mineralizers  added 
to  the  mineral  mixture;  it  also  includes  the  impurities  present  in  the 
initial  alumina.  Several  types  of  synoxal  are  produced,  varying  in 
the  quantity  of  mineralizer  used  and  ranging  frctn  M-0  to  M-10  (the  num¬ 
eral  indicates  the  %  of  mineralizer).  Synoxal  with  an  index  of  7  is 
the  most  widely  used  and  is  known  as  "synoxal  49. " 


TABLE  1 

Properties  of  M-7  Synoxal 
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♦More  than  1000  megohms* cm  for 
synoxal  of  types  M-l  through 
M-5. 

1)  Property;  2)  unit  of  measurement;  3)  value;  4)  mechanical  strength; 
5)  on  compression;  6)  on  extension;  7)  on  bending;  8)  breakdown  gra¬ 
dient;  9)  deep  resistance  at  700°;  10;  dielectric  loss  at  1  me;  11) 
a.  K>6  over  the  following  ranges;  12)  temperature  coefficient  (TK)  over 
the  range  20-80°  at  0.5-5  me;  13)  kg/un2;  14)  kv/mm;  15)  megohms* cm. 
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Articles  are  produced  from  synoxal  in  the  following  manner.  The 
initial  mineral  mixture  is  plasticized  with  paraffin  or  paraffin-based 
mixtures  in  a  hot  mixer  (converter).  The  thermoplastic  mass  thus  ob¬ 
tained  has  a  regulable  viscosity  and  readily  undergoes  various  types  of 
molding  (pressure  and  open-mold  casting,  press  drawing,  lamination, 
welding,  etc.).  Reworking  of  the  thermoplastic  mass  into  a  press  powder 
and  subsequent  molding  into  synoxal  products  by  hydraulic  pressing 
(hydrostatic  pressing)  has  become  quite  common.  Articles  are  sometimes 
produced  by  machining  pressed  or  cast  blanks.  Products  molded  by  any 
of  these  methods  are  annealed,  an  operation  utilizing  absor’uants  in 
the  form  of  loose  materials  (charges)  or  solid  (porous)  shaped  bodies 
(dryers).  Adsorbants  facilitate  removal  of  the  organic  plasticizer  con¬ 
stituents  from  the  annealed  article  and  also  protect  it  against  possible 
deformation.  The  annealing  temperature  varies  with  the  index  of  the 
synoxal  and  ranges  from  1580  to  1730°.  The  annealed  products  are  pol¬ 
ished  and  sometimes  glazed, 

Synoxal  3s  used  primarily  as  a  high-temperature  dielectric  in 
soark  olugs  and  as  a  structural  material  for  machine  components. 

References:  Abramson,  I.D. ,  DAN  SSSR  [Proceedings  of  the  Academy 
of  Sciences  USSR],  19^6,  Vcl.  53*  No.  Abramson,  I.D. ,  Keramika  alya 
aviatsionnykh  izdelly  [Ceramics  for  Aviation  Products},  Moscow,  1963. 

I.D.  Abramson 
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SYNTHETIC  ADHESIVE  -  is  a  compound,  based  on  organic  and  inorganic 
substances,  by  which  -  owing  to  the  forces  of  cohesion  and  adhesion  - 
different  materials  (metals,  wood,  plastics,  glass,  procelain,  ceramics, 
resin,  leather,  fabiics,  paper,  etc.)  can  be  joined  together.  The  me¬ 
chanism  of  the  bonding  process  has  not  been  totally  clarified.  It  was 
discovered  that  the  adhesive  properties  of  polymers  depend  not  only  on 
the  structure  of  the  macromoleculaes,  but  on  the  molecular  weight,  on 
the  conditions  for  the  formation  of  a  film  and  on  the  physl comechanical 
properties  of  the  film,  on  the  addition  of  filler,  and  on  the  prepara¬ 
tion  of  the  surfaces  of  the  materials  to  be  joined.  The  adhesive  must 
be  selected  according  to  the  type  of  the  material  (polar  materials  must 
be  bonded  by  polar  adhesives).  Thus,  for  example,  joints  of  different 
strengths  result  when  different  metals  are  bonded  with  the  same  adhe¬ 
sives  (the  ultimate  shearing  strength  for  a  Joint  bonded  by  epoxy  ad- 
hesive  is  3^0  kg/cm  in  tne  case  of  steel,  and  210  kg/cm  in  that  of 

O 

Duralumin;  these  values  are  and  200  kg/em^,  respectively,  for 
phenol- rubber  adhesive).  Solutions  in  organic  solvents  or  in  the  mono¬ 
mers  of  the  substances  to  be  joined  and  adhesives  based  on  polyurethanes, 
polyepoxies  and  on  several  of  the  polyacrylic  derivatives  are  effective 
for  the  large  majority  of  plastics  (molded  phenol  aldehyde  plastics, 
for  example,  can  be  Joined  by  a  solution  of  phenol  resin;  rubber  mater¬ 
ials  -  by  rubber  solutions). 

Extremely  difficult  is  the  problem  of  bonding  some  nonpolar  thermo¬ 
plastics,  polyethylene,  polytetraf iuoroethylene,  etc.  The  polarity  of 
the  plastic  say  be  cnanged  in  these  cases  by  means  of  a  special  chemi- 
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cal  treatment;  the  materials  can  then  be  bonded  by  means  uf  the  usual 
polar  adhesives.  Considerable  difficulties  also  arise  in  the  joining  of 
plastics  based  on  polymers  with  a  different,  polarity.  Mixtures  of  both 
polymer^,  each  with  a  different  polarity  anj  combined  in  a  solvent  or 
in  an  emulsion,  are  practicable  in  certain  cases. 

Difficulties  may  also  arise  when  plasticized  or  colored  thermo¬ 
plastics  are  to  be  joined  for,  cwing  to  the  penetration  of  the  solvent 
of  the  adhesive  into  the  joint,  the  plasticizer  enters  into  the  bond 
layer  and  this,  in  turn,  results  in  a  weakening  of  tne  Joint  or  in  an 
undesiraole  discoloration. 

Phenol-  and  urea- formaldehyde  resins,  polyure thanes,  polyepoxies, 
polyvinyl  acetate  emulsions,  solutions  of  polyamide  resins  and  several 
other  materials  are  the  best  adhesives  for  joining  cellulose  materials 
(wood,  veneers,  etc.).  Plasticized  polyvinyl  butyral,  phenol  formalde¬ 
hyde  resins  modified  by  butadiene-acrylonitrile  rubber  give  good  results 
in  bonding  silicate  glass. 

The  state  of  the  surface  of  the  materials  which  are  to  be  joined 
also  considerably  affects  the  bonding  process.  At  first,  contaminations 
on  the  surfaces  to  be  Joined  must  be  carefully  removed  by  degreasing 
and  other  methods.  A  treatment  of  aluminum  alloys  by  electrochemical 
methods.  A  treatment  of  aluminum  alloys  by  electrochemical  methods  or 
by  acid  baths  is  widely  used  to  prepare  metal  surfaces,  results  in  the 
formation  of  a  polar  oxide  layer  on  the  metal  surface  which  favorably 
effects  the  strength  of  the  Joint.  Steels,  magnesium  alloys,  <*opper, 
brass,  etc.,  require  special  methods  of  treatment.  The  surface  of  non- 
metailic  materials  is  usually  degreased,  a  roughing  is  not  always  ne¬ 
cessary.  The  adhesives  are  usually  subdivided  into  classes  according  to 
the  chemical  type  of  their  baric  component  (adhesives  on  the  oasis  of 
thermosetting  polymers,  the rmopiasts,  or  elastomers).  Adhesives  based 
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on  thermosetting  polymers  (pheaol  formaldehyde,  epoxy,  carbamide,  sili- 
conorganic,  polyurethane  adhesives,  etc. )  form  strong,  heat-resistant 
joints  and  are  used  for  the  assembly  of  units  from  metals  or  nonmetallic 
materials  which  work  under  stress  (Table  1). 


TABLB  1 

Adhesives  on  the  Basis  of  Thermosetting  Polymers 
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1)  Polymery  2)  mai*.  purpose;  3)  bending  temperature  (°C);  4)  properties 
of  the  adhesive  joint;  5)  ult-/  ite  strength  at  20°  (kg/cm2);  6)  in 
shear;  7)  in  uniform  peeling;  8)  heat  resistance  (°C);  9)  waterproof¬ 
ness;  10)  phenol  formaldehyde  resin;  11)  bonding  of  wood,  foamed 
plastics  and  other  porous  materials;  12)  normal;  13)  up  to;  l’1)  (cleav¬ 
ing  test  of  wood);  15)  good;  l6)  phenol  rubber;  17)  bonding  of  metals; 
18)  high:  19)  phenol  polyvinyl  acetal;  20)  bonding  of  metals  and  non¬ 
metallic  materials;  21)  sufficient;  22)  polyurethanes;  23)  siliconor- 
ganic  compounds;  24)  ureaformaldehyde  resin;  25)  bonding  of  wood  and 
plywood;  26)  poor. 


Adhesives  based  on  thermoplasts  (polyisobutylene,  polyamides, 
polyvinyl  acetates,  arylates,  etc. )  are  characterized  by  a  low  heat  re¬ 
sistance  and  are  mainly  used  for  non-metalllc  joints  which  arc  not  under 
stress  (Table  2).  Adhesives  based  on  elastomers  (rubbers,  mainly)  have 
a  high  elasticity  and  are  used  to  bond  rubber  with  rubber  and  rubbeer 
with  metals. 
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There  are  one -component  (delivered  in  ready  state)  and  multicom¬ 
ponent  adhesives;  the  latter  are  prepared  from  the  components  at  the 
place  of  their  application;  such  adhesives  may  be  stored  for  a  relative¬ 
ly  long  time.  The  greatest  number  of  adhesives  are  solutions  of  diverse 
polymers  and  of  their  mixtures  (polyisobutylene,  rubbers,  phenol  formal¬ 
dehyde  resins,  polyvinylchloride,  polymers  of  vinyl  ethers,  polyvinyl 
acetate,  polyacrylates,  polyamides,  polyepoxies,  solutions  of  phenol 
formaldehyde  resins  combined  with  polyvinyl  acetals,  polyamides,  etc.  ) 
in  organic  solvents.  The  dissolution  of  the  polymers  is  carried  out 
without  heating  in  stainless  steel  or  enameled  devices  provided  with 
mixers  and  reflux  condensers.  The  resulting  adhesive  solution  is  fil¬ 
tered  through  a  metallic  sieve  or  a  fabric  and  then  the  adhesive  is 


tested  according  to  GOST  or  TU.  In  some  cases,  the  polymers  are  dissolv¬ 
ed  in  their  monomers,  the  so-called  reactive  solvents.  Appropriate  sta¬ 


bilizers  are  added  to  these  adhesives  in  order  to  avoid  polymerization. 
TABLE  2 

Adhesives  Based  on  Thermoplastic  Polymers 
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1)  Polymer;  2)  main  purpose;  3)  bonding  temperature  (°C);  4)  properties 
of  the  adhesive  joint;  5)  ultimate  strength;  6)  at  shearing;  7)  at  uni¬ 
form  peel;  8)  heat  resistance  (°C);  9)  waterproofness;  10)  polydimethyl 
vinyl  ethinyl  carbinol  (carbinul);  11)  normal;  12)  up  to;  13)  poor*  14) 
polyamides;  15)  bonding  of  nonmetallic  materials  and  of  metals;  16^  pol- 
ylsobutylenes,  17)  sticky  adhesives  and  tapes;  18)  good;  19)  polyacryl¬ 
ates;  20)  bonding  of  nonmetallic  materials;  21)  sufficient;  22)  chlor¬ 
inated  polyvinylchloride;  23)  bonding  of  plastics;  24)  the  same. 


D. A.  Kardashev 
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SYNTHETIC  FIBER  -  fiber  from  synthetic  high-molecular  compounds 
(polymers)  which  are  products  synthesized  from  simple  chemical  sub¬ 
stances  (monomers).  The  starting  raw  material  for  most  synthetic  fibers 
is  petroleum,  coal  and  natural  gas.  The  majority  of  synthetic  fibers 
has  advantages  over  natural  and  artificial  fibers  consisting  in  high 
dry  and  wet  strength,  resistance  to  the  effect  of  chemical  reagents 
and  microorganisms  and  a  small  specific  weight.  Synthetic  fibers  are 
classified  as  carbon-chain  and  netero-chain.  The  most  widely  used  syn¬ 
thetic  fibers,  that  is  capron  (nylon  6)  Nylon  66  (Anid),  Terylene 
(lavasan),  Orion  (nitron),  etc.,  are  produced  as  standard  and  high- 
strength  thread,  staple  fiber  and  moncfiber.  They  are  extensively  used 
by  the  industry  and  for  consumer  goods. 

References:  Rogovin,  Z.A. ,  Osnovy  khimii  i  tekhnologii  proizvod- 
stva  khlmlcheskikh  volokon  [Fundamentals  of  the  Chemistry  and  Techno¬ 
logy  of  Chemical  Fiber  Production J.  2nd  edition,  Moscow,  1957;  Fibers 
from  Synthetic  Polymers,  edited  by  R.  Hill,  translated  from  English, 
Moscow,  1957* 

E.M.  Ayzenshteyn 
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SYNTHETIC  ISOPRENE  RUBBER  -  is  the  product  of  the  catalytic  poly¬ 
merization  of  isoprene.  It  is  obtained  using  lithium  or  the  complex 
Ziegler  type  catalyst s;  it  contains  neozon  D,  Santovar  0,  white  Age- 
Rite,  Santoflex  VKh,  diphenyl-para-phenylene  diamine  and  combinations 
from  them  as  antioxidants.  The  following  experimental  and  commercial 
grades  of  synthetic  isoprene  rubbers  are  produced:  SKI,  SKI-3  (USSR), 
Corall,  Ameripol  SN,  ar.d  Natsine  (U.  S.  ). 

SKI-3,  Ameripol  SN  and  Corall  give  an  x-ray  pattern  characteristic 
for  natural  rubber,  this  fact  points  to  an  extreme  similarity  of  the 
crystal  structure  of  both  these  rubbers.  SKI  may  crystallize  only  when 
it  is  considerably  stretched.  Synthetic  isoprene  rubbers  show  a  high 
tendency  to  oxidative  degradation  due  to  the  high  proportion  of  1.4- 
links  in  the  chain.  SKI-3  and  Ameripol  SN  have  a  lower  molecular  weight 
than  SKI  and  Corall,  hence,  SKI-3  and  Ameripol  SN  have  a  high  plasticity 
and  do  not  require  a  premastication.  Kith  regard  to  their  technological 
properties,  SKI-3  and  Ameripol  SN  are  similar  to  masticated  NK.  They 
are  easily  miscible  with  ingredients.  Compounds  of  these  rubbers  with 
carbon  black  are  easily  calenderable  and  sprayable,  they  have  the  same 
good  stickiness  as  the  NK  compositions. 

SKI  has  lower  technological  properties  and  not  stickiness.  As  well 
as  NK,  the  synthetic  isoprene  rubbers  are  characterized  by  a  high  ten¬ 
sile  strength  in  nonfilled  compounds.  The  thermal  stability  of  SKI-3  is 
similar  to  that  of  NK  and  surpasses  that  of  SKI.  The  elasticity  of  SKI- 
3  is  insignificantly  lower  than  that  of  NK.  Carbon-black  filled  stocks 
of  synthetic  Isoprene  rubber  are  characterized  by  high  mechanical  pro- 
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perties.  The  frostproofness  of  carbon-black  filled  SKI-3  rubbers  is 
equal  to  that  of  NK  rubbers  and  surpasses  that  of  SKI  rubbers.  The 
elasticity  of  carbon-black  filled  SKI- 3  and  Ameripol  SN  rubbers  at  20°, 
and  especially  at  100°,  is  somewhat  lower  than  the  elasticity  of  NK  and 

SKI  rubbers. 

Tests  of  truck  tires,  produced  totally  from  SKI  and  SKI-3  in  the 
USSR,  and  from  Corall  and  Ameripol  SN  in  the  U. S. ,  have  proved  a  tire- 
run  near  to  that  of  NK  tires.  Synthetic  isoprene  rubbers  are  rubbers 
for  general  purposes.  They  can  replace  NK  in  tires  and  other  rubber  pro¬ 
ducts.  The  properties  of  synthetic  isoprene  rubbers  are  given  in  the 
Tables  1-3. 

TABLE  1 


Structure  and  Properties  of  Synthetic 
Isoprene  Rubber 
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1)  Rubber ;  2)  content  of  links  ($); 

2a)  cis;  2b)  trar.s:  3)  vitrification 
temperature  (°C);  4)  solubility  in 
benzene  (%):  3)  proportion  of  non- 
saturated  links  ($);  6)  NK;  7)  SKI-3; 
8)  Ameripol  SN;  9)  SKI;  10)  resilience 
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TABLE  2 


Properties  of  Nonfilled  Synthetic 
Isoprene  Rubbers 
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Ameripol  SN;  5)  SKI;  6)  Corail;  7)  ten¬ 
sile  strength  (kg/cm2);  8)  at  ...;  9) 
relative  elongation  (%>),  10)  resilience 
(#)• 

TABLE  3 

Properties  of  Synthetic  Isoprene  Rubbers 
Filled  with  30  Parts  by  Weight  of  Channel 
Carbon  Black 
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1)  Characteristics;  2)  NK;  3)  SKI-3;  4)? 
Ameripol  SN;  5)  tensile  strength  (k &/cnr) 
6)  at  7)  relative  elongation  {%)-,  8) 
resilience  (#). 


References:  Subbotin  S.A. ,  Samoletova  V.  V. ,  and  Znamenskaya  A. K. , 
Svcystva  novogo  vida  sinteticheskogo  kauchuka  SKI  [The  Properties  of 
SKI,  a  New  Type  of  Synthetic  Rubber]  "Khimicheskaya  promyshlennost * , " 
1956,  No.  7,  page  21;  Reykh  V.  N.  [et  al.  ],  Svoystva  novogo  sintetiches¬ 
kogo  izoprenovogo  kauchuka  SKI-3  [The  Properties  of  the  New  Synthetic 
Isoprene  Rubber  SKI-3],  "Kauchuk  i  rezina, "  I960,  No.  3;  Stavely  F.  W. 

[et  al. ],  Sinteticheskiy  "natural 'nyy'  kauchuk  korall  (tsis-1. 4-poli- 
izopren)  [The  Synthetic  "Natural"  Rubber  Corail  (cis-1. 4-polyisoprene) ] 
in  the  Collection  Novyye  kauchuki  [New  Rubbers],  Moscow,  1958;  Horn  S.  E. 
[et  al. ],  Sinteticheskiy  "natural 'nyy*  kauchuk  Ameripol  SN  (tsic-1.4- 
poliizopren)  [The  Synthetic  "Natural"  Rubber  Ameripol  SN  (cis-1. 4- 
polyisoprene) ],  item. 

M.  D.  Gordin 
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SYNTHETIC  RUBBER  (SK)  -  is  a  high-polymer  rubberlike  material 
destined  for  the  production  of  rubbers.  Synthetic  rubber  is  usually  ob¬ 
tained  by  the  copolymerization  of  diverse  unsaturated  compounds;  poly¬ 
condensation  of  appropriate  bifunctional  hydrocarbon  derivatives  is 
also  used  to  obtain  certain  synthetic  rubbers.  The  initial  monomers, 
which  give  synthetic  rubber  by  polymerization  or  polycondensation,  are 
frequently  termed  rubbergens.  Butadiene,  styrene,  isoprene,  chloroprene, 
isobutylene,  acrylonitrile,  a-methylstyrene,  etc.,  are  used  as  rubber¬ 
gens.  Ihe  polymerization  of  the  rubbergens  is  carried  out  either  in  the 
bulk  of  the  monomer  (or  a  mixture  of  monomers)  or  in  emulsion.  In  the 
latter  case,  the  rubber  is  obtained  at  first  in  the  form  of  a  latex  and 
is  separated  from  it  by  coagulation.  Similar  to  natural  rubber,  the 
synthetic  rubbers  have  long  macromolecular  chains,  which  are  branched 
sometimes,  with  an  average  molecular  weight  of  hundreds  of  thousands 
and  even  millions.  The  macromolecular  chains  aie  composed  from  repeat¬ 
ing  groups  which  correspond  to  the  monomer  used  to  obtain  the  synthetic 
rubber.  In  the  most  cases,  the  polymer  chains  of  synthetic  rubbers  have 
double  bonds  which  form  a  spatial  network  during  vulcanization  and  pro¬ 
vide  the  pnysieomechanical  properties  characteristic  for  rubbers.  Some 
types  of  synthetic  rubbers  (polylsobutylere,  siloxane  rubber,  etc.,  for 
example)  are  'onpletely  saturated  compounds;  their  vulcanization,  there¬ 
fore,  is  carried  out  by  methods  differing  f~otn  the  usual  sulfur  vulcan¬ 
ization  (addition  of  organic  peroxides,  amines,  etc.  ).  Certain  types  of 
synthetic  rubber  surpass  considerably  the  natural  rubber  with  regard  to 
a  number  of  technical  properties  (in  the  resistance  to  aggressive  media, 
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and  soxvents,  in  thermal  stability,  resistance  to  abrasion,  gasproof¬ 
ness,  resistance  to  light  and  ozone,  etc.,  for  example).  The  rubbers 
with  a  regular  structure,  synthesized  lately,  are  comparable  to  natural 
rubbers  with  regard  to  their  elastic  properties.  The  production  of 
synthetic  rubbers,  in  contrast  to  that  of  natural  rubber,  is  character¬ 
ized  by  a  high  operating  efficiency,  better  working  conditions,  and 
independence  of  climatic  and  geographic  conditions.  In  contract  to  the 
natural  rubber,  which  contains  natural  preservatives,  special  sub¬ 
stances,  antioxidants,  inhibiting  oxidative  processes  which  cause  degra¬ 
dation  or  ciosslinklng  of  the  polymer,  must  be  added  during  the  manu¬ 
facturing  of  the  synthetic  rubber.  The  majority  of  the  known  synthetic 
rubbers  (apart  from  cis-isoprene,  chloroprene,  butyl  rubber  and  some 
other  rubbers)  give  vulcanisation  products  with  a  low  mechanical 
strength  (up  to  50  kg/cm  )  when  they  are  not  filled.  Active  fillers  re¬ 
inforcing  the  mechanical  strength  of  the  vulcanizates  must  be  added 
to  obtain  synthetic  rubbers  with  good  physic omechanical  properties.  The 
elasticity  is  inevitably  reduced  in  this  way.  Pine-disperse  substances 
with  a  highly  developed  surface:  carbon  blacks,  active  silica  (silica 
gel,  aerosil),  active  aluminum  oxide,  kaolin,  chalk,  etc.,  are  used  as 
active  fillers.  Synthetic  rubbers  with  regularly  structurated  molecular 
chains  containing  regularly  alternating  links,  and  with  prevalent  pre¬ 
sence  of  the  cis-form  as  in  the  natural  rubber,  are  necessary  (for  the 
greater  part  of  synthetic  rubbers)  when  rubbers  with  a  high  strength 
and  without  active  fillers  are  to  be  obtained. 

The  synthetic  rubbers  are  subdivided  into  two  large  classes:  1) 
universal  rubbers  for  general  purposes,  for  the  production  of  wholesale 
rubber  products:  motorcar  tires,  conveyor  belts,  hoses,  rubber  footwear 
and  a  number  of  technical  rubber  products;  2)  rubbers  with  special  tech¬ 
nical  properties,  used  for  the  production  of  rubber  products  which  must 
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work  under  special  conditions;  in  solvents  or  aggressive  media,  at  high 
temperature,  under  the  action  of  ozone  and  ultraviolet  rays,  etc.  Mono¬ 
mers  preponderantly  of  the  vinyl  series  containing  polar  groups  (acryl¬ 
onitrile,  vinylidene  dichloride,  methyl  vinyl  pyridine,  etc.  )  are  used 
(generally  in  copolymerization  with  butadiene)  to  obtain  rubbers  with 
special  properties.  Some  rubbers  of  this  class  are  also  obtained  from 
one  or  several  monomers  which  contain  polar  atoms  also  (chloroprene, 
dimenthyl  dichlorosilane,  vinylidene  fluoride,  hexafluoropropylene, 
etc. ).  Butadiene  alone  or  combined  with  styrne  or  a-methylstyrene  is 
used  as  a  rubbergen  for  the  production  of  wholesale  rubber  products. 

The  importance  of  Isoprene  has  increases  in  the  last  few  years  owing  to 
the  successful  synthesis  of  the  isoprene  rubber  whose  elastic  oroper- 
ties  are  near  to  that  of  natural  rubber.  The  following  universal  rub¬ 
bers  for  general  purposes  have  achieved  an  industrial  importance;  sodi¬ 
um-butadiene  rubber  obtained  by  polymerization  in  bulk  in  presence  of 
alkali  metals,  and  butadiene-styrene  rubber,  obtained  by  copolymerisa¬ 
tion  of  butadiene  and  styrene  or  a-me thy styrene  in  an  aqueous  emuisi  n. 
The  lately- synthesised  stereoregular  rubbers,  +  hc  isoprene  and  the  cis- 
polybutadiene  rubber,  and  the  copolymer  of  ethylene  and  propylene  be¬ 
long  also  to  this  class  of  rubbers.  Radical  polymerisation  results  xn 
the  formation  of  polymers  with  some  degree  of  branching,  with  double 
bonds  in  the  side-chains,  which  deteriorate  the  elastic  properties  of 
the  rubbers.  In  contrast  to  this,  the  stereospecific  polymerization 
with  complex  catalysts  sukes  it  possible  to  control  and  to  obtain  a  de¬ 
sired  spatial  structure  of  the  links  in  the  macromolecules  of  the  poly¬ 
mer  with  a  preponderant  formation  cf  linear  structures  with  cis— con¬ 
figuration.  High  mechanical  strength  cl  the  rubbers  without  application 
of  active  fillers  is  the  characteristic  peculiarity  of  the  stereo- 
regular  synthetic  rubbers.  Frostproof,  oilproof ,  ga:  olinepreof  and  neat- 
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resistant  rubbers,  rubbers  stable  to  the  effect  of  ozone  and  aggressive 
media,  rubbers  with  reduced  permeability  for  gases,  with  increased  re¬ 
sistance  to  abrasion,  etc.,  belong  to  the  synthetic  rubbers  with  spe¬ 
cial  technical  properties.  Frostproof  synthetical  rubbers  are  obtained 
on  butadiene  basis.  Its  polymerization  in  bulk  with  special  catalysts, 
prepared  using  alkali  metals,  results  in  a  rubber  with  the  vitrification 
temperature  of  -70°.  Copolymerization  of  butadiene  with  small  quantities 
of  styrene  (10$)  in  aqueous  emulsion  gives  a  rubber  with  a  vitrifica¬ 
tion  temperature  of  -75,  -80°.  Chloroprene,  butadiene-nitrile,  poly¬ 
sulfide  (see  Thlokols),  and  butadiene -methyl vinyl  pyridine  rubbers  are 
resistant  to  the  effect  of  oils  and  gasolines.  Siloxane  fluoro-rubbers 
belong  to  the  heat-resistant  synthetic  rubbers.  Fluorosiloxane  elasto¬ 
mers  also  possess  stability  to  heat  and  gasoline.  These  rubbers,  main¬ 
taining  all  the  properties  of  silicon-organic  rubbers  with  respect  to 
the  thermal  stability  and  frost-proofness,  also  possess  a  good  stability 
to  the  effect  of  fuels  and  oils.  Fluoro-rubbers  are  exclusively  stable 
to  the  action  of  diverse  aggressive  media.  Butyl  rubber  has  a  reduced 
permeabili t /  for  gases  and  a  high  chemical  stability.  It  is  character¬ 
ized  by  an  increased  resistance  to  ultraviolet  rays,  ozone,  chemical 
reagents,  and  also  by  a  stability  to  thermal  aging  in  air  or  in  oxygen 
medium.  Polyisobutylene,  the  product  of  the  polymerization  of  isobuty¬ 
lene,  has  a  still  hlgner  chemical  stability.  Sulfochlorinated  polyethy¬ 
lene  belongs  to  the  chemically  stable  elastomers  which  are  able  to  vul¬ 
canize  and  to  form  rubbers  with  good  physicomechanical  characteristics. 
Polyurethane  elastomers  are  characterized  by  an  exclusively  high  re¬ 
sistance  to  abrasion  which  largely  surpass  the  resistance  to  abrasion 
of  the  natural  rubber  (see  Urethane  Knbber). 

Synthetic  latexes  in  which  the  polymers  are  present  in  a  high-dis¬ 
perse  state  obtain  more  and  more  importance  and  are  applied  for  mani- 
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fold  purposes.  The  use  of  elastomers  in  the  form  of  latexes  permits  the 
solving  of  complicated  engineering  problems,  considerably  improves  in 
many  cases,  the  physicomechanical  properties  of  rubbers  and  simplifies 
the  technology  of  the  production  of  rubber  products. 

References:  Lebedev  S.  V. ,  Zhizn'  i  trudy  [His  Life  and  His  Works], 
Leningrad,  1938;  Dogadkin  B. A. ,  Khimiya  i  fizika  kauchuka  [Chemistry 
and  Physics  of  Rubber],  Moscow- Leningrad,  19^7;  Smirnov  N.  I.  ,  Sintetich- 
eskiye  kauchuki  [Synthetic  Rubbers],  2nd  edition,  Leningrad,  195^; 

Litvin  0.  B. ,  Csn^vy  teklmoiugi i  i  sinteza  kauchukov  [The  Principles  of 
the  Technology  and  the  Synthesis  of  Rubbers],  Moscow,  1959;  Borodina 
I.  V. ,  Nikitin  A.K. ,  Tekhnicheskiye  svoystva  sovetskihk  sinteticheskikh 
kauchkukov  [The  Technical  Properties  of  Soviet  Synthetic  Rubbers],  Len¬ 
ingrad  -Mo  scow,  1958;  Sinteticheskiy  kauchuk  [Synthetic  Rubber]  edited 
by  G.  Whitby,  translated  from  English,  Leningrad,  1957;  Fedorenko  N. P. , 
Savinskiy  E.  S.  Ocherki  po  ekonomike  khimicheskoy  promyshlenncsti  SSSR 
[Essays  on  the  Economica  of  the  Chemical  Industry  of  the  USSR],  Moscow, 
i960,  pages  220-221;  Ulimanas  ShzyklopMdie  der  technischen  Chemie  ;  Uil- 
mann's  Encyclopedia  of  the  Technical  Chemistry],  3rd  edition,  Vol.  9-3* 
Miinchen,  1957,  pages  321-*2--. 

A.K.  Nikitin 


TALC  -  mineral,  a  member  of  the  magnesium  hydrosllicate  group.  Chem¬ 
ical  composition:  Mg^Si^O^j  [ OH ] 2 .  MgO  =  31*7#,  3102  =  63. 5£,  H20  = 

=  4 . ;  the  magnesium  Is  sometimes  lsomorphically  replaced  by  Iron  (up 
tc  2-5#),  negligible  admixtures  of  Cr^,  Feo0^,  CaO,  C02,  Na20,  Ko0. 

Talc  crystallizes  In  the  monocllnic  system.  Has  perfect  cleavageablllty 
along  (001).  The  color  Is  apple  white  -  green,  sometimes  white  with  a 

yellowish  cr  greenish  tinge.  The  optic  sign  Is  negative.  N  =  1-575- 

3 

1*590»  Np  =  I.538-I.545.  The  hardness  Is  very  low  (It  Is  unity  cn  the 
Mohs  scale).  It  has  a  greasy  feel.  It  Is  hydrophobic.  Specific  gravity 
2. 7-2. 3.  Poor  electrical  and  thermal  conductivity.  Fire  resistance  about 
1500°.  Dehydration  temperature  cOC-1 000°.  tpl  1530°.  High  acid  and  alka¬ 
li  resistance.  Talc  Is  easily  processable  and  can  be  ground  Into  a  fine 
powder;  chemically  Inert,  capable  of  keeping  certain  active  chemical 
substances  on  the  surface  of  Its  particles;  It  is  slippery,  soft,  greasy 
and  adhesive,  which  Is  due  tc  the  properties  of  the  crystal  lattice.  Af¬ 
ter  heat  treatment  It  5s  capable  of  becoming  a  dense  and  strong  shell 
with  a  lew  thermal  expansion,  low  thermal  and  electrical  conductivity. 
Talc  is  used:  In  the  ceramics  Industry  for  the  production  c  f  hlgh- 


vcltage  Insula ters,  radio  components,  ceramics  for  heating  devices, 
technical  dishware,  ceramics  for  sanitary  Installations,  lamp  recepta¬ 
cles;  in  the  production  of  refractories,  i.e.,  of  high-refractory  peri- 
ciasefcrsierite  kiln  furniture,  all-sawed  product:  ir.  the  form  of  stand¬ 


ard  and  Intricate ly-shaped  bricks;  in  the  varnish  and  paint  industry  as 
a  filler  r  white  pigment  in  water  paints;  ir.  the  paper  indu.  try  <*s  a 
pulp  filler;  in  toe  cable,  rubber  and  rccf.r.g  industry  as  a  filler,  for 


powdering  of  products  in  order  to  prevent  them  from  sticking  together; 
in  applied  art  and  decorative  sculpture  as  a  finishing  stone.  The  re¬ 
quirements  put  to  talc  differ  depending  on  the  character  of  its  utiliza¬ 

tion. 

References :  Trebovaniya  promyshlennosti  k  kachestvu  mineral 'nogo 
syr'ya  [Industrial  Requirements  Put  to  the  Quality  of  Mineral  Ray  Mater¬ 
ials],  Issue  1  -  Chernosvitov,  Yu.L.  Tal 'k  i  pirofillit  [Talc  and  Pyro- 

phillite],  2nd  Edition,  Moscow,  1961. 

E.Ya.  Merenkov 
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TANGENTIAL  STRESS  is  the  ratio  of  the  force  component  lying  in  a 

p 

given  section  to  the  area  of  this  section.  It  is  measured  in  kg/mm  or 

o 

kg/cm^.  It  determines  the  variation  of  the  shape  of  the  body  (in  con¬ 
trast  with  the  variation  of  the  volume,  which  depends  on  the  arithmetic 
average  of  the  three  normal  stresses).  The  plastic  deformation  process¬ 
es  (yield,  creep,  pressure  working)  depend  primarily  on  the  tantential 
stress. 

Ya.B.  Fridman 
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TANGENT  MODULUS  is  the  index  of  intensity  of  strengthening  in  the 
elasto-plastic  region.  It  is  characterized  by  the  tangent  of  the  slope 
of  the  tangent  to  the  considered  point  on  the  curve  io  a  <»oi  (figure). 

It  is  sometimes  termed  the  strengthening  coefficient.  It  is  designated 
by  the  symbol  ET  and  has  dimensions  of  a  stress.  The  tangent  modulus 
decreases  with  increase  of  the  degree  of  plastic  deformation. 


S.I.  Kishkina-Ratner 
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TANTALUM  Ta  -  transition  element  of  g'  oup  V  of  Mendeleyev's  per¬ 
iodic  system;  atomic  number  73 ,  atomic  weight  '.80.948,  structure  of  tne 
external  electron  shell  of  the  atom  is  pp  5<j  6s  .  Naturally  occuring 

i Qq 

isotopes  are  Ta  and  Ta  .  Tantalum  is  a  refractory  metal,  gray  col¬ 
ored  with  a  bluish  tinge.  Discovered  in  1802.  As  a  metal  first  extrac¬ 
ted  in  1903,  obtained  on  an  Industrial  scale  in  1922  (USA).  The  content 
of  tantalum  in  the  earth's  crust  is  2*10  by  weight.  The  ore  deposits 
comprise  about  10#  of  those  of  niobium.  In  nature  Ta  is  almost  always 
associated  with  niobium,  which  lsomorphicaliy  replaces  tantalum  in  min¬ 
erals.  The  more  Important  industrial  minerals  are:  tantalite  —  columbate 
(iron  and  manganese  tantaloniobate ) ,  loparlte,  mlcrolite-pyrochlore. 

The  ores  are  usually  compound  and  are  tantalum-poor.  For  methods  of  ore 
processing  see  in  the  article  Niobium.  Usually  the  following  pure  tan¬ 
talum  compounds  are  obtained  from  the  ore  concentrates:  the  pentoxide 
Ta^O^,  potassium  f luorotantalate  KgTaF^,  less  frequently  the  chloride 

TaClc,  from  which  the  metal  is  reduced.  Tht  rsain  industrial  methods  of 
5 

tantalum  powder  production:  electrolysis  of  the  pentoxide  dissolved  in 
potassium  f luoroniobate ,  reduction  of  the  latter  bv  sodium  and  carbo- 
thermal  reduction  of  the  pentoxide  with  hydration  of  the  reduced  tanta¬ 
lum,  pulverization  and  dehydration  of  the  powder,  similar  to  niobium 
(see  Carbotherroal  Niobium).  Here  substantial  difficulties  arise  due  to 
the  high  melting  temperature  cf  tantalum,  the  high  chemical  strength 
of  the  compounds  and  chemical  activity  upon  heating.  The  tantalum  pow¬ 
der  is  subsequently  pressed  into  bars  weighing  2-5-10  kg,  with  dimen¬ 
sions  up  to  32  x  64  (600-700)  mm^  in  hydralic  presses  with  a  capacity 


of  up  tc  *000  ton.,  which  are  sintered  lr.  a  high  vacuum  at  tempera*  ore 
of  up  to  2600°  by  passing  electric  current  through  them  (see  wintered 
Material ) ,  then  are  cold  forged  and  after  secondary  sintering  In  vacuum 
are  subjected  to  cold  pressworking  Into  sheets,  foil,  wire,  etc.,  (see 
Tantalum  Wire).  To  obtain  tantalum  blanks  of  different  shape  cr  of  a 
higher  weight,  the  sintered  bars  are  subjected  to  vacuum  arc  and  elec¬ 
tron  ray  melting.  Sometimes  pure  powdered  tantalum  is  subjected  to  arc 
melting.  Tantalum  Is  used  In  electronics  and  electrical  equipment  ("hot 
fittings"  of  radio  tubes,  electrolitic  capacitors  with  small  overall 
dimensions  and  high  capacitance  for  a  wide  temperature  range).  In  chem¬ 
ical  machine  building  (corrosion-resistant  apparatus  used,  in  particu¬ 
lar,  for  chemical  processing  of  nuclear  fuel),  in  metallurgy  (carbide 
of  hard  alloys,  alloying  of  refractory  and  other  alloys),  in  the  medi¬ 
cal  industry  (surgical  Instrumerte ) ,  etc.  The  great  Importance  of  tanta¬ 
lum  for  new  equipment  is  due  to  the  favorable  combination  of  good  plas¬ 
ticity,  ease  of  cold  pressworking,  sufficient  mechanical  strength  at 
normal  and  high  temperatures,  ability  to  weld  together  with  Ta,  Nb,  Mo, 
W,  Ni  and  other  metals  (see  Welding  of  Refractory  Metals),  high  corro¬ 
sion  resistance  (see  Corrosion  of  Tantalum)  with  refractoriness  (t°^ 
2996°)  and  other  valuable  properties.  Its  crystal  structure  is:  face- 
centered  cube  with  a  =  3*296  A.  Interatomic  distance  2.85  crystal  struc  - 
ture  measurement  units;  density  at  20°  =  1 6.6  g/cnr;  effective  cross 
section  for  thermal  neutron  capture  20  barns/atom,  5300°,  vapor 

pressure  (mm  of  Hg):  1.10-3  (2820°),  1.10-4  (2599°),  1*10"5  (2407°), 
vaporization  rate  (g/cm2-sec);  1.63*10"2  (2000°K),  5.54*10~^  (2600°K), 
heat  (cal/g):  of  melting  57  >  of  vaporization  1350,  combustion  1379*  tem¬ 
perature  of  transition  to  the  superconductive  state  -268.8°,  of  transi¬ 
tion  to  the  brittle  state  -  below  -396°,  a  (0-100°)  6.5-10’6°C'1,  c 


(cal/g-°C) :  0.03322  (0°),  0.03774  (1000°),  X  (20-100°)  0.13  kcal/cm- 

3992 


steel,  and  by  a  factor  of  ^0  higher  thar,  for  glass.  Coefficient  o t  neat 
transfer  between  hydrochloric  acid  and  water  vapor  In  a  tantalum  heat 
exchanger  exceeds  14,600  kcal/m2-hour-°C,  l.e.  ,  a  cm"  of  tantalum  is 
equivalent  to  18  cm2  of  lead.  p*10^  (ohm/cm),  13*5  (20°),  17*2  (100°), 

35  (500°),  103*9  (2527°),  specific  magnetic  permeability  G.849.106 
(18°),  work  function  4.12  ev,  secondary  emission  coefficient  1.35#  pos- 
ltive  emission  10  ev,  electron  emission  (amps/cnT):  9.10*10’'°  (1600°K), 
6-21.10‘3  ( 2000°K ) ,  0.500  (2400°K),  2.25  (2600°K),  12.53  (2800°K), 
emlsslvity  (w/cm2):  7*36  (1600*K),  51*3  (2400°K),  IO5.5  (2S00°K).  Radia¬ 
tion  coefficient  0.49  (20°,  wavelength  =  65OO  A),  0.4l8  (1730°,  wave¬ 
length  =  6650  A). 

Upon  heating  metallic  tantalum  Intensely  absorbs  gases,  thus  being 
a  good  getter.  Here  Its  plasticity,  mechanical  strength,  magnetic  per¬ 
meability  and  corrosion  resistance  are  reduced;  the  crystal  lattice 
period,  hardness  and  electrical  resistivity  are  increased.  The  solubil¬ 
ity  of  H2  at  1  atm  comprises  294  (314°),  217  (400°),  11 0.5  (500°), 

56.5  (600°),  51*2  (650°)  mill lg/100  g. 

To  make  It  brittle,  tantalum  Is  hydrated,  heated  In  a  H~  atmosphere 
at  500°  and  above.  Tantalum  Is  stable  In  air  at  room  temperature,  It 
starts  to  corrode  at  280°.  It  Interacts  with  oxygen  at  400®,  the  limit¬ 
ing  solubility  at  1050°  is  0.9#  by  weight  (9*3  atomic  %).  It  forms  sol¬ 
id  solutions  with  nitrogen  at  temperatures  as  low  as  600*,  but  the  solu¬ 
bility  is  very  low.  When  the  tantalum  temperature  is  increased  it  forms 
with  oxygen  the  oxide  Ta  ,0^,  with  N,  and  it  forms  nitrides  (a  high¬ 
er  nitride  Is  TaN).  Below  600*  it  absorbs  CO,  and  at  1^00-1400"  It 
forms  carbides  with  carbon -containing  gases-  (the  highest  carbide  being 
TaC). 

Tantalum  Is  refined  from  gases  it  absorbed  by  heating  In  a  vacuum 
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not  lower  than  1*10  mm  of  Hg.  is  rapidly  separate^  i  ror  tart  a ;  urn 
at  800-1200°.  A  perceptible  removal  of  N2  takes  place  above  1800-2000° 
by  thennal  decomposition  of  the  nitride,  the  dissociation  vapor  pressure 
for  which  is  4.16  mm  of  Hg,  the  rate  of  decomposition  of  TaN  reaches  a 
maximum  at  2400-2450°.  Oxygen  starts  being  generated  in  the  form  of 
Co  (if  the  metal  contains  carbon)  at  1350-1400°,  it  is  generated  rapid¬ 
ly  at  1900°.  It  is  also  removed  in  the  form  of  oxides  of  the  admixture 
elements,  and  at  high  temperature  in  the  form  of  a  lower  oxide  of  tan¬ 
talum.  Electron  ray  melting,  vacuum  arc  melting  and  vacuum  sintering 
are  good  methods  for  removing  gas  from  tantalum.  In  conjunction  with 
absorption  of  ordinary  gases,  all  operations  involving  the  heating  of 
tantalum  are  performed  in  a  high  vacuum  or  in  an  atmosphere  of  purified 
inert  gases  (Ar,  He).  The  ability  to  become  brittle  in  a  H2  atmosphere 
is  used  in  metallurgy  for  processing  metallic  tantalum  wastes  by  hydra¬ 
tion  pulverization  and  (sometimes)  dehydration,  obtaining  a  powder  for 
use  cr  addition  to  oaoic  tantalum  powder. 

The  mechanical  properties  of  tantalum  depend  to  a  great  extent  on 
the  purity  and  state  of  the  metal.  The  most  pronounced  effect  on  the 
properties  is  exerted  by  admixtures  of  0,  N,  H  and  C.  When  their  con¬ 
tent  is  increased,  the  hardness  and  strength  of  tantalum  are  increased, 
while  plasticity  is  reduced.  For  example,  when  the  02  content  is  in- 

p 

creased,  the  HV  hardness  increases  from  33  to  630  kg/mm  (4  atomic  % 

p 

of  02),  E  Increases  from  18,100  to  19,640  kg/mm  ,  6  is  reduced  from  3Q 
to  4#  (2  atomic  %  of  02).  The  plasticity  is  reduced  at  a  particularly 
high  rate  upon  dissolution  of  hydrogen. 

The  mechanical  properties  of  tantalum  at  20°,  which  was  smelted 
In  an  electric  arc  furnace  and  containing  0.003#  0^,  0.002 %  N2  and 
0.0008#  H2  in  the  hardened  and  crystallized  states  are  presented  in  the 
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table. 


Unlike  *  ung.-ter.  and  molybdenum,  tantalum  Is  very  plastic  in  ’he 
re cry  stall lzed  state  at  room,  as  well  as  at  subzero  temperatures.  The 
values  of  a^,  5  and  ir  are  not  significantly  reduced  when  the  tempera¬ 
ture  is  decreased  tc  -196°.  When  tantalum  is  neated  to  above  room  tem¬ 


perature,  the  strength  of  the  metal  is  reduced  while  the  plasticity  in- 
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l)  Properties;  2)  state  of  the  material;  3)  hardened;  4)  recrystallized; 
5)  kg/mm2;  6)  aH  (kg -m/cm2). 


creases.  The  change  in  mechanical  properties  of  cast  tantalum  in  an  ar¬ 
gon  atmosphere  as  a  function  of  the  temperature  is  shown  in  the  figure. 


Mechanical  properties  of  tantalum  a.  3  function  or  the  temperature.  Gel¬ 
id  curve  denotes  rtcrystall  ized  sheet;  the  dashed  curve  denotes  cold 
worked  sheet.  1)  kg/mrr.2;  2)  temperature,  °C. 

The  sheet  thickness  is  1.0  nan,  working  length  25  am.  Up  to  1400-1500* 
the  short-time  strength  of  the  hardened  material  is  higher,  while  the 
plastl.  properties  are  lower  than  those  for  annealed  material. 

The  short-time  ultimate  tensile  strength  of  tantalum  at  2000*  is 
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T  !  ^ 

*  u  J 

~4.0  kg/ mm  . 

References :  Samsonov,  G.7.  and  Konstantinov,  7.1.  ,  Tantal  1  nlobly 
[Tantalum  and  Niobium],  Moscow,  1939;  Kolchln,  O.P.,  Nlobly  1  tantal 
[Niobium  and  Tantalum!,  Moscow,  1939;  Nlobly  1  tantal  [Niobium  and  Tan¬ 
talum].  Collection  of  articles,  edited  by  O.P.  Kolchln,  Moscow,  I960; 
Miller,  G.L.,  Tantalum  and  Niobium,  London,  1939;  Snoek,  J.L  ,  "Physi- 
ca,"  Vol.  8,  No.  7,  page  711,  1941;  Bechtold,  J.H.,  "Acta  metallurgi¬ 
cal'  Vcl .  3,  No.  3,  page  249,  1955. 

O.P.  Kolchln,  M. I.  Gavrllyuk 
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TANTALUM  ALLOYS  -  tantalum-based  alloys  with  an  admixture  of  other 
alloying  elements  which  are  used  In  modem  equipment.  Tantalum-tungsten 
alloys  have  come  Into  Industrial  use  abroad.  An  alloy  of  tantalum  with 
10#  W  Is  the  most  extensively  used.  This  alloy  has  good  production 
process  properties,  retains  a  high  strength  up  to  very  high  temperatures, 
and  is  highly  erosion  resistant  (up  to  2200°).  This  alloy  can  be  used 
for  work  In  a  wide  range  of  temperatures  from  -130  to  2900*. 

The  mechanical  and  production  process  properties  of  a  given  alloy, 
as  well  as  of  tantalum,  depends  to  a  large  extent  on  the  metal's  purity , 
particularly  with  respect  to  gas  admixtures  (N,  0,  H).  As  the  content 
of  these  elements  is  increased,  a  sharp  reduction  In  the  metal's  plas¬ 
ticity  and  a  rise  In  Its  hardness  and  strength  are  observed.  The  mechan¬ 
ical  properties  of  Ta  +  10#  W,  smelted  In  an  electric  arc  vacuum  fur¬ 
nace  and  containing  0.01#  0^  and  0.008#  H.,  are  given  in  the  table. 

Mechanical  Properties  of 
an  Alloy  with  Ta  +  10^  W 
at  20° 
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1}  Properties;  2)  state  of 
the  material;  3)  hardened;  0 
U)  reorystalllzed;  3)  kg/mm ’. 

When  Ta-W  alloys  are  melted  In  an  electron  beam  furnace  the  admix¬ 
ture  content  is  sharply  reduced.  As  a  result,  the  plasticity  of  the  me  - 
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tal  is  increased  while  its  strength  is  somewhat  reduced.  The  Ta  +  10# 
W  alloy  after  melting  In  an  electron  beam  furnace  has  the  following 

p 

characteristics:  at  20°  102  kg/mm  In  the  hardened  state  and  56  kg/ 

2  2 

/mm  after  annealing;  E  =  21,000  kg/mm  . 

The  dapendence  of  the  short-time  strength  of  the  Ta  +  10#  W  alloy 
smelted  in  an  electric  arc  vacuum  furnace  on  the  testing  temperature 
i.  shown  in  the  figure.  The  properties  were  determined  on  1  mm  thick 
and  25  mm  long  sheet  in  an  argon  medium.  Up  to  1500-1600°  the  hardened 
material  has  a  higher  strength  than  the  annealed. 

When  heated  in  air  at  above  500-600°  tantalum  alloys  are  highly 
oxidized  and  at  the  same  time  absorb  gases  with  the  result  that  the 
plasticity  is  reduced,  while  the  strength  is  increased.  In  conjunction 
with  this,  production  process  operations  such  as  shaping,  heat  treat¬ 
ment,  welding,  soldering,  etc.,  should  be  performed  under  a  vacuum  or 
in  a  neutral  gas  medium. 

In  the  case  when  titanium  alloys  are  used  in  an  oxidizing  medium, 
the  metal  surface  should  be  coated  by  special  protective  coatings. 

Ingots  of  the  Ta  10#  W  alloy  are  initially  shaped  in  the  heated 
state  at  IIOO-I5OO0.  Subsequent  shaping  of  the  metal  by  forging  or 
rolling  can  be  performed  in  the  cold  state  without  intermediate  anneal 
Ing  with  a  degree  of  compression  of  up  to  90-95#. 

The  Ta  +  10#  W  alloy  can  be  used  for  making  sheets,  strips,  foil 
and  tubes  of  various  dimensions.  This  alloy  is  used  abraod  for  solid 
fuel  rocket  engine  nozzles  and  fox1  Jet  engine  components. 
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Dependence  of  the  strength  of  the  Ta  +  10#  alloy  on  the  temperature. 
1)  Shaped  sheet;  2)  recrystallized  sheet.  A)  kg/mm^;  B)  temperature, 
°C. 
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TANTAUJM  PIPES  —  see  Tantalum  Wire. 
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TANTALUM  SHEET  -  see  Tantalum  Wire. 
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TANTALUM  WIRE.  Wire  and  round  bars  are  produced  from  tantalum  of 
types  TN-3  and  TCh.  High-melting  corrosion-resistant  wire  and  tubing 
is  used  in  the  vacuum-tube  industry  and  in  the  manufacture  of  chemical 
apparatus.  Table  1  shows  the  impurity  content  and  Table  2  certain  of 
the  characteristics  of  tantalum  wire.  The  figure  shows  the  0^  and  6  of 
type  TN-3  wire  (2.3#  Nb,  0.056#  Fe,  0.070#  Ti,  0.010#  Si,  0.019#  Mo, 
and  0.067#  W)  after  annealing  at  various  temperatures  in  a  vacuum  of 
10  -10  mm  Hg.  These  are  rough  data,  since  the  characteristics  of 

cold-worked  and  annealed  wire  depend  to  a  laige  extent  on  its  content 
of  impurities  and  gases:  6^  decreases  and  6  incren.-.es  as  the  inpurity 
content  is  reduced. 

TABLE  1 

Chemical  Composition  of  Tan¬ 
talum  Wire 
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1)  Alley;  2)  impurities  (#),  no  more  than;  3)  TN-3;  4)  TCh;  5)  remain¬ 
der;  6)  total  of. 


TABLE  2 

Mechanical  Characteristics  of  Tanta¬ 
lum  Wire 
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1)  Diameter  (nan);  2)  surface  condition;  3)  forged,  smeared  with  oil; 
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4)  drawn,  coated  with  graphite-grease  film;  5)  drawn,  with  clean  sur¬ 
face;  6)  kg/mm2. 


Change  in  mechanical  characteristics  of  type  TN-3  tantalum  wire  with 
annealing  temperature.  Wire  diameter  (mm):  1)  0.05;  2)  0.01;  3)  0.5; 

4)  1.0.  a)  kg/mm2;  b)  annealing  temperature. 

In  the  electronics  industry  tantalum  wire  is  used  in  the  manufac¬ 
ture  of  generator-lamp  circuits,  direct-heating  vacuum-tube  cathod  s, 
support  and  spring  components,  electrolytic  capacitors  and  capacitor 
components,  superconductive  elements,  etc. 

Some  wire  is  employed  in  the  production  of  laminated  sheets.  Since 
tantalum  does  not  irritate  living  tissues  and  retains  constant  charac¬ 
teristics  on  prolonged  exposure  to  them,  tantalum  wire  is  used  in  sur¬ 
gery  for  suturing  incised  muscle  tissue  and  blood  vessels  and  for  nerve- 
fiber  and  muscle-tissue  prostheses. 

Round  tantalum  tubing  0-5-50  mm  in  diameter  is  manufactured  with¬ 
out  seams,  with  welded  seams,  and  by  the  cermet  method.  Such  tubing  is 
used  principally  in  the  electronics  industry  (for  direct-heating  cath¬ 
odes)  and  in  the  chemical  Industry,  in  the  production  of  bromine,  hy¬ 
drochloric,  nitric,  and  sulfuric  acids,  and  hydrogen  peroxide,  in 
petroleum  cracking,  etc. 

Reference:  :  Espe,  V. ,  Tekhnologiya  elektrovakuumnykh  materlalov 
[Technology  of  Vacuum-Tube  Materials],  translated  from  German,  Vol.  1, 
Moscow-Leningrad,  1902;  Samsonov,  G.V. ,  Konstantinov,  V.I.,  Tantal  1 
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niobiy  [Tantalum  and  Niobium],  Moscow,  1959;  Sokolov,  Yu. A. ,  Plkov, 

V. I  ,  Avtorskoye  svtdetel' stvo  [Author's  Certificate],  No.  109279>  1957* 

Yu, A.  Sokolov 


TEARING  RESISTANCE  -  one  of  the  mechanical  characteristics  of 
rubber.  In  tearing  the  areas  of  maximum  stress  -unoentration  are  deter¬ 
mined  beforehand  by  making  special  cuts  or  by  the  shape  of  the  speci¬ 
men.  The  specimen  is  deformed  by  moving  the  holding  devices  of  a  ten¬ 
sion  apparatus  at  sufficiently  high  speed.  According  to  GOST  262-53> 
the  tearing  resistance  is  the  tearing  load  in  kg  for  1  cm  of  the  Ini¬ 
tial  thickness  of  the  specimen.  In  addition,  the  tearing  resistance 
is  determined  by  the  so-called  characteristic  energy  T,  which  equals 
the  work  performed  in  forming  a  unit  area  of  new  surface.  In  practical 
terms,  T  equals  the  specific  energy  dissipated.  The  characteristic  en¬ 
ergy  has  not  been  fully  defined  in  the  physical  sense. 


G.M.  Vartenev 
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TECHNICAL  COPPER  is  copper  which  is  used  for  the  production  of 
VC  rlCwtw  UAJbJbia.  *.  oo  and  as  a  charge  material  for  smelting  of  the  cop¬ 
per  alloys.  The  chemical  composition  of  technical  copper  is  defined  by 
GOST  859-^1  (Table  1). 

TABLE  1 

Chemical  Composition  and  Application  of  Technical  Copper  (GOST  859-^1 )# 
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♦Methods  of  chemical  analysis  from  GOST  635-52. 

♦♦Phosphorus  content  to  0. 0b%  permitted. 

1)  Copper;  2)  Cu  (%,  no  less  than);  3)  impurity  content  {%,  no  more 
than';  4)  application;  3)  other  impurities;  6)  total  impurities;  7) 
current  conductors,  for  high  purity  alloys,  8)  current  conductors,  for 
rolling  hign  quality  bronzes  not  containing  tin;  9)  high  quality  mill 
products,  for  bronzes  which  are  pressure  worked;  10)  for  rolling  ordin¬ 
ary  and  casting  quality  bronzes:  11)  for  casting  bronzes  and  various 
noncrltical  alloys;  12)  piping  of  various  diameters  for  ocean  vessel 
construction. 


Grade  MO  technical  copper  is  used  for  current  conductors  and  for 
the  production  of  high-purity  alloys;  Ml  is  used  for  current  conductors. 
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various  mill  products  produced  by  rolling,  and  for  the  production  of 
high-quality,  tin-free  bronzes;  M2  is  used  for  high-quality  mill  prod¬ 
ucts  and  for  the  production  of  bronzes  which  can  be  pressure  worked; 

M3  is  used  for  various  mill  products  obtained  by  rolling,  and  for  the 
production  of  ordinary-quality  bronzes  and  other  cast  alloys;  M4  is  used 
for  the  production  of  cast  bronzes  and  various  noncritical  alloys. 

P,  Sb,  Bi,  Si,  As  impurities  markedly  decrease  the  electro-conduc¬ 
tivity  of  copper  and  in  the  MO  and  Ml  grades  their  consent  Is  limited 
to  0. 002$.  Bi,  Sb  and  Pb  impuirites  reduce,  in  addition,  the  technolog¬ 
ical  properties  of  copper,  causing  brittleness  during  hot  pressure 
working.  Ni,  A g,  Zn  and  Sn  impurities  have  no  harmful  effect  on  the 
mechanical  and  technological  properties.  Depending  on  the  solidifica¬ 
tion  conditions,  the  structure  of  cast  pure  copper  may  be  equiaxed  or 
transcrystalline.  The  dendritic  structure  is  possible  only  in  the  con¬ 
taminated  grades  of  copper.  Deformed  and  annealed  copper  has  a  polyhed¬ 
ral  structure. 

As  a  rule,  current  conductors  are  produced  from  the  grades  MO  and 
Ml  technical  copper,  while  electrical  contacts  in  products  for  noncrit¬ 
ical  applications  are  also  made  from  the  copper  grades  M2  and  M3.  In 
the  annealed  condition  copper  has  high  plastic  properties  but  relative¬ 
ly  low  strength.  Cold  deformation  considerably  improves  all  the  strength 
characteristics  of  copper,  but  in  this  case  there  is  some  reduction  of 
the  electrcnconductivity  and  a  marked  reduction  of  the  plasticity.  Work 
hardening  of  hard  copper  can  be  relieved  by  annelaing  (Table  2). 

Annealing  is  performed  in  a  weakly  oxidizing  medum  to  avoid  "hyd¬ 
rogen  disease",  which  can  occur  during  heating  of  copper  in  a  reducing 
atmosphere.  Copper  permits  all  forms  fo  pressure  working,  but  in  the 
soft  condition  these  precesses  proceed  with  difficulty,  since  the  metal 
sticks  to  the  cutting  tool  and  poor  separation  of  chips  occurs.  Machin- 
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TABLE  2 

Technological  Characteristics 
of  Technical  Copper 
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1)  Properties;  2)  property  indux;  3)  cas 
working  temperature  (*C);  5)  annealing  t 


of  beginning  of  recrystallization  (°C);  7)  fluidity  (cm);  8)  linear 
shrinkage  ($). 


sting  temperature  (°C);  4)  hot 
temperature  (°C);  6)  temperature 
7)  fluidity  (cm);  o)  linear 


ing  is  facilitated  in  the  work  hardened  condition.  Technical  copper  in¬ 
tended  for  grinding  must  work  hardened.  Technical  copper  is  easily 
pressure  worked  in  the  hot  end  cold  conditions,  welds  well  by  any  method 
and  is  amenable  to  soldering  a.  d  brizing.  In  addition  to  current  carry¬ 
ing  components  and  electrical  contacts,  t'-chr.ical  copper  is  used  for 
the  production  of  corrosion  res'1  ;iant  oil  and  fuel  lines,  and  also  for 
sealing  rings,  was^'r. ,  gaskets,  etc.  Technical  copper  has  a  high  elec¬ 
trochemical  potential,  therefore,  to  avoid  corrosion  of  parts  made  from 
other  alloys  which  are  in  contact  with  parts  made  from  copper  or  copper 
alloys  the  latter  should  be  zinc  coated.  The  mill  products  made  from 
technical  copper  and  their  properties  are  presented  in  Table  3*  For 
physical  and  mechanical  properties  of  technical  copper  see  also  article 
on  Copper. 


0.  Ye.  Kestner 
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TABLE  3 

Mill  Products  Produced  from  Technical  Copper  and  their  Properties 
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1)  Copper;  2)  form  of  mill  product;  3)  condition;  4)  size  (mm);  5)  o. 
(kg/mm^);  6)  GOST  or  TU;  7)  cold  rolled  sheet;  8)  soft  (annealed); 

9)  GOST  ;  10)  hard;  11)  same;  12)  hot  rolled  sheet;  13)  without  heat 
treatment;  14)  strip;  15)soft  (annealed);  16)  soft;  17)  strip;  lo)  hot 
rolled  plate;  l0)  M3S;  20)  drawn  tubing;  21)  annealed;  22)  (wall  thick¬ 
ness  );  23)  drawn  rods;  24)  extruded  rods;  29)  rolled  rods;  2b)  wire; 
27)  wire  (work  hardened  5-12#);  28)  T.TU. 
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TECHNICAL  MAGNESIUM  is  refined  electrolytic  raw  magnesium  or  re- 
smelted  refined  magnesium  obtained  by  a  thermic  process  (carbothermic 
or  silicothermic ).  Wide  usage  is  made  of  the  method  of  producing  tech¬ 
nical  magnesium  from  raw  magnesium  by  melting  with  fluxes  (see  Refining 
Magnesium  Alloys). 

Industry  Droduces  technical  magnesium  of  99.9#  purity.  The  GOST 
provides  that  the  producing  plant  guarantee  an  aluminum  content  in 
technical  magnesium  of  no  more  than  0.02$.  Technical  magnesium  of  the 
Mg  grade  is  used  primarily  for  the  production  of  special  casting  and 
deformable  alloys  based  on  magnesium  and  aluminum,  pyrotechnic  powders, 
and  also  in  the  chemical  industry. 

Chemical  Composition  of  Technical  Magnesium  (GOST  804-62) 
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1)  Grade;  2)  Mg  (%,  not  less  than);  3)  impurity  content  ($,  not  more 
than);  4)  total  impurities;  5)  Mg. 


A. A.  Lebedev 
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TECHNICAL  STRENGTH  -  a  collective  term  used  to  designate  the 
strength  actually  achievable  with  a  material  in  contrast  to  its  Theor¬ 
etical  strength,  which  is  unrealizable  or  can  be  attained  only  with 
small  specimens  under  special  conditions  (see  Whiskers).  Technical 
strength  is  generally  evaluated  from  Ultimate  strength  on  extension  6^; 
for  the  plastic  state  corresponds  to  the  resistance  to  substantial 
plastic  deformation,  while  for  the  brittle  state  characterizes  Rup¬ 
ture  resistance-  Until  19%  the  highest  technical  strength  was  consid- 

O 

ered  to  be  200-22C  kg/mnT  (for  quenched  and  low-tempered  structural 
steel)  and  3OO-39C  kg/mm  for  fine  drawn  steel  wire.  Techniques  have 
recently  been  developed  (thermomechanical  processing,  aging,  etc.) 

p 

that  make  it  possible  to  raise  ultimate  strength  to  3%  kg/mm  or  more 
and  to  pose  the  problem  of  further  increasing  technical  strength. 
Strengths  of  up  to  ICS s-CCCC  kg/mmc  have  already  been  achieved  with  in¬ 
dividual  specimens  of  very  fine  wire.  For  the  majority  of  finished  pro¬ 
ducts  with  complex  shapes  static  evaluation  of  technical  strength  from 
small  smooth  specimens  is  quite  arbitrary,  i.e.,  does  not  take  Into  ac¬ 
count  notch  sensitivity,  urface  condition,  repeated  loading,  or  the 
scale  effect  (see  Structural  strength,  Theoretl  ~al  strength,  and  Fa- 
U^ue). 

Ya.B.  Fridman 
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TEFLOfl  -  see  Fiber  from  Fluorine-Containing  Polymers. 
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TEMPERATURE  SENSITIVE  PAINTS  —  paints  whose  films  are  capable  of 
sharply  changing  their  color  upon  reaching  a  certain  temperature  called 
the  transition  or  critical  temperature.  Depending  on  whether  the  ini¬ 
tial  color  of  the  paint  is  or  is  not  restored  when  the  temperature  is 
reduced,  the  temperature  sensitive  paints  are  divided  into  reversible 
and  irreversible.  Inorganic,  organic  and  organo-inorganic  compounds 
are  used  as  temperature  sensitive  paints.  The  transition  temperature 
of  temperature  sensitive  paints  is  substantially  affected,  in  addition 
to  temperature  sensitive  compounds,  also  by  binders,  fillers  and  addi¬ 
tives  which  enter  the  composition  of  temperature  sensitive  paints.  For 
the  same  temperature  sensitive  compound  the  transition  temperature  can 
be  different  depending  on  the  binder  used.  Following  are  the  short¬ 
comings  of  temperature  sensitive  paints:  they  do  not  ensure  automatic 
observation  and  recording,  the  transition  temperature  depends  on  the 
length  of  holding  at  the  critical  temperature  and  the  rate  at  which  the 
temperature  reaches  the  critical  value.  Hence  calibration  is  necessary 
whenever  temperature  sensitive  paints  are  used  under  other  temperature 
regime  conditions  than  those  specified  in  instructions.  Temperature  sen¬ 
sitive  paints  are  used  for  rapid  measuring  of  temperatures  (with  an  ac¬ 
curacy  of  ±5-10°);  for  determining  the  temperature  of  current-conducting 
parts  which  are  subjected  to  high  voltages;  for  checking  the  heating  of 
contacts  and  hot  surfaces  of  boilers;  for  heat  testing  of  electrical 
machinery;  for  study  of  the  operational  regimes  of  motors  hidden  from 
the  observer's  eve  by  jackets,  in  order  to  establish  the  shape  of  iso¬ 
therms  in  various  parts  of  the  engine;  in  the  heat  treatment  of  metals. 
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i.e.,  quench  hardening  and  tempering;  rolling  of  shapes;  bending  of 
pipes;  for  studying  the  temperature  of  surface  joined  by  oxy-acetylene 
and  arc  welding,  etc.  Temperature  sensitive  paints  are  also  used  in 
emergency  repairs,  repairs  under  field  conditions  and  in  many  other 
cases.  Temperature  sensitive  paints  are  made  for  measuring  temperatures 
from  45  to  880°  and  above  with  intervals  of  15-50°.  The  drying  rate  is 
20-30  minutes,  covering  ability  from  80  to  200  g/m  ,  they  are  applied 
to  solid  body  surfaces  by  a  brush  or  atomizer.  Sets  of  temperature 
sensitive  crayons  are  produced  alongside  with  temperature  sensitive 
paints:  No.  1  for  instantaneous  measuring  of  temperatures  from  l4o°  to 
600°  (11  crayons)  and  No.  2  for  measuring  temperatures  with  an  inter¬ 
val  of  10°  from  230°  to  360°  and  from  460°  to  500°  (12  crayons). 

References:  Belen'kiy,  E  F.  and  Riskin,  I.V. ,  Khimiya  i  tekhnolo- 
giya  pigmentov  [Chemistry  and  Technology  of  Pigments],  3_rd  Edition, 
Leningrad,  i960;  Kiselev,  V.S.,  Rassudova,  N. S.  and  Laguzina,  A.M., 

"Tr.  Mosk.  khim.  tekhnol.  in-ta  lm.  D. I.  Mendeleyeva"  [Transaction  of 
the  Moscow  Order  of  Lenin  D.I.  Mendeleyev  Institute  of  Chemical  Technol- 
ogy],  Vol.  23,  1956;  Rassudova,  N.S.,  "Vesta,  tekhn.  i  ekon.  inform." 
[Herald  of  Technical  and  Economic  Information],  No.  3>  page  59,  19bl; 
"Instrum,  and  Control  Systems,"  Vol.  33,  No.  11,  page  1826,  i960. 

N.S.  Rassudova 
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TEMPER  BRITTLENESS  OF  STEEL  -  the  decrease  In  the  viscosity  and 
resistance  to  brittle  fracture  of  alloy  steel  during  tempering  within 
a  certain  temperature  range  or  during  slow  post  tempering  or  post  an¬ 
nealing  cooling  over  the  range  650-450°.  We  can  distinguish  irreversi¬ 
ble  and  reversible  temper  brittleness.  Irreversible  temper  brittleness 
is  manifested  in  a  drop  in  viscosity  during  tempering  at  250-400°. 
Chromium  and  manganese  promote  irreversible  temper  brittleness,  while 
molybdenum,  tungsten,  and  vanadium  have  no  effect  on  this  process.  Sil¬ 
icon  and  to  some  extent  chromium  and  other  elements  promote  a  shift  in 
irreversible  temper  brittleness  toward  higher  temperatures.  A  decrease 
in  grain  size  leads  to  a  reduction  in  irreversible  temper  brittleness, 
while  comparatively  moderate  plastic  deformation  completely  eliminates 
it.  This  type  of  brittleness  is  apparently  associated  with  a  change  in 
the  condition  of  the  austenite-grain  boundaries.  Reversible  temper 
brittleness  is  manifested  in  a  drop  in  the  impact  strength  of  alloy 
steel  during  slow  cooling  over  the  range  650-450°,  as  well  as  during 
more  or  less  prolonged  holding  within  this  temperature  range  during 
tempering.  At  the  same  time,  when  rapidly  cooled  after  tempering  at 
650-450°  steel  with  a  tendency  toward  reversible  temper  brittleness  ac¬ 
quires  normal  viscosity.  Temper  brittleness  produced  by  slow  cooling 
can  be  eliminated  by  reheating  to  a  temperature  above  650°  and  rapid 
cooling.  Irreversible  temper  brittleness  is  produced  not  only  by  pro¬ 
longed  tempering  at  650-450°,  but  also  by  slow  post  tempering  cooling 
and  b>  prolonged  heating  (at  550-450°)  of  annealed  or  normalized  steel. 
Reversible  temper  brittleness  is  manifested  in  a  sharp  displacement  of 
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the  cold-shortness  threshold  toward  higher  temperatures.  In  the  major¬ 
ity  of  alloy  steels  temper  brittleness  causes  a  decrease  In  Impact 
strength  and  resistance  to  brittle  fracture.  Impact  specimens  exhibit 

lntercrystalllne  rather  than  fibrous  fracture.  Mechanical  characterls- 

/ 

tics  (c^,  6,  1r)  determined  at  room  temperature  are  not  affected  by  re¬ 
versible  temper  brittleness,  with  the  exception  of  a  very  slight  rise 
In  yield  strength.  A  decrease  In  plasticity  under  tension  occurs  only 
when  very  severe  reversible  temper  brittleness  develops  when  notched 
specimens  or  low  test  temperatures  are  employed.  Cold-working  elimi¬ 
nates  or  prevents  temper  brittleness  (when  plastic  deformation  is  car¬ 
ried  out  before  the  brittleness  develops)  in  those  cases  where  the 
steel  is  tested  in  the  direction  of  plastic  deformation  (reversible 
temper  brittleness  may  even  be  intensified  In  the  direction  perpendicu- 
lare  to  that  of  plastic  deformation).  Unnotched  specimens  tensile -test¬ 
ed  at  room  temperature  undergo  considerable  plastic  deformation,  so 
that  reversible  temper  brittleness  is  eliminated  near  the  fracture 
point  and  the  mechanical  characteristics  (6,  Vs  o^)  of  such  specimens 
are  not  affected  by  this  type  of  brittleness.  Reversible  temper  brit¬ 
tleness  appears  when  the  specimens  are  notched  or  the  test  temperature 
Is  reduced,  both  of  which  hamper  plastic  deformation.  It  has  been  es¬ 
tablished  that  reversible  temper  brittleness  is  manifested  in  a  de¬ 
crease  in  the  brittle  strength  of  the  grain  boundaries  (of  the  austen¬ 
ite  grains).  Alloying  with  manganese,  chromium,  or  nickel  or  an  in¬ 
crease  in  phosphorus  content  promotes  development  of  reversible  temper 
brittleness.  Addition  of  0. 3-0.5#  Mo  reduces  such  brittleness.  Molyb¬ 
denum  is  sometimes  replaced  by  1-1. 2#  tungsten  for  this  same  purpose, 
although  the  action  of  the  latter  is  less  effective.  The  method  by 
which  the  steel  is  smelted  has  a  strong  influence  on  the  development 
of  reversible  temper  brittleness,  so  that  different  metallurgical  melts 
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have  a  varying  sensitivity  to  temper  brittleness.  Despite  the  enormous 
number  of  investigations  which  have  been  conducted  and  the  interesting 
hypotheses  which  have  been  advanced,  the  physical  nature  of  temper 
brittleness  has  still  not  been  conclusively  established.  Special  etch¬ 
ing  agents  have  made  it  possible  to  establish  that  steel  damaged  by 
temper  brittleness  undergoes  a  change  in  etchability  at  its  grain  boun¬ 
daries.  There  is  reason  to  suppose  that  temper  brittleness  and  the 
thermal  embrittlement  of  steel  that  occurs  during  prolonged  operation 
at  temperatures  of  450-550°  have  the  same  origin. 

References:  Gulyayev,  A.P.,  Termicheskaya  obrabotka  stall  [Heat 
Treatment  of  Steel],  2nd  Edition,  Moscow,  I960;  Mes'kin,  V.S. ,  Osnovy 
legirovaniya  stall  [Principles  of  the  Alloying  of  Steel],  Moscow,  1959; 
Zav'yalov,  A.S.,  Senchenko,  M.I.,  in  book:  Metallovedeniye  [Metalwork¬ 
ing],  Collection  2,  Leningrad,  1958;  Zav'yalov,  A.S.,  in  book:  Metal¬ 
lovedeniye  [Metalworking],  Collection  3,  Leningrad,  1959. 

Ya.M.  Potak 
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TEMPERING  OP  STEEL  -  heating  of  quenched  steel  to  a  temperature 
below  the  lower  critical  point  Ac1  In  order  to  reduce  its  hardness,  in¬ 
crease  its  plasticity  and  viscosity,  and  relieve  Internal  stresses. 
During  low  tempering  the  martensite  of  quenched  steel  becomes  impover¬ 
ished  in  carbon,  a  process  accompanied  by  a  decrease  in  tetragonallty 
and  precipitation  of  iron  carbides  FexC.  In  the  initial  stage  of  tem¬ 
pering  the  martensite  contains  a  certain  amount  of  carbon  and  the  car¬ 
bides  Fe  C  remain  coherent  with  it.  When  carbon  steel  is  tempered  at 
temperatures  above  200°  the  residual  austenite  decomposes  to  form  mar¬ 
tens  ite  and  carbides  of  the  Fe  C  type.  As  the  tempering  temperature  is 

A 

raised  the  carbon  content  of  the  martensite  decreases,  the  carbide  lat¬ 
tice  separates  from  the  martensite  lattice,  and  the  carbides  become 
similar  in  composition  to  cementite;  this  reduces  stresses  of  the  2nd 
and  3rd  types.  A  further  rise  in  tempering  temperature  leads  to  coagu¬ 
lation  of  the  carbides.  Carbide  composition  is  altered  during  tempering 
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Fig.  1.  Typical  variation  in  the 
mechanical  characteristics  of 
quenched  medium -carbon  alloy 
structural  steel  during  temper- 

O  O 

ing.  1)  kg/mm  ;  2)  kg-ra/cm  ;  3) 
tempering  temperature,  °C. 
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Fig.  2.  Influence  of  tempering 
temperature  on  the  variation  in 
the  hardness  and  strength  of  U7 
steel  during  torsion  and  exten¬ 
sion  (S.I.  Ratner).  o  -  brittle 
fracture;  •  -  plastic  fracture. 

O 

1)  kg/mm  ;  2)  quenching  without 
tempering;  3)  tempering  tempera¬ 
ture,^. 


of  alloy  steel.  During  high  tempering  of  complex-alloy  steels  the  car¬ 
bides  become  enriched  with  chromium,  molybdenum,  vanadium,  and  tung¬ 
sten.  The  composition  of  a  steel  has  a  considerable  influence  on  the 
change  in  its  characteristics  during  tempering  and  on  its  structure, 
particularly  on  the  rate  of  carbide  coagulation.  Internal  stresses  of 
the  1st  type  are  substantially  reduced  during  tempering.  Figure  1  shows 
the  typical  Influence  of  tempering  on  the  mechanical  characteristics  of 
alloy  structural  steel.  Low  tempering  at  200-250°  raises  yield  strength, 
somewhat  reduces  ultimate  strength,  and  increases  viscosity  and  plas¬ 
ticity.  When  the  tempering  temperature  is  further  raised,  the  Impact 
strength  of  the  steel  drops;  it  rises  once  more  when  the  tempering  tem¬ 
perature  reaches  450°.  Certain  types  of  alloy  steel  exhibit  two  dips  in 
Impact  strength,  at  300-400°  and  500-550°,  which  sometimes  merge  to 
form  a  single  protracted  drop  (see  Fig.  1).  The  rate  of  the  decrease  in 
strength  during  tempering  depends  on  the  alloying  elements  present  lr. 
the  steel.  Such  elements  as  silicon,  cobalt,  chromium,  it  .ybaer.uir. 
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Pig.  3.  Graphs  showing  the  influence  of  tempering  temperature  on  the 

variation  in  the  hardness  (RC),  viscous  strength  (a  ),  brittle 

vysz 

strength  (o^),  and  ultimate  strength  (ab)  of  high-carbon  (l)#  medium- 
carbon  (II),  and  low-carbon  (III)  steel.  1)  Tempering  temperature. 


tungsten,  and  vanadium  retard  the  drop  in  hardness  and  strength.  Some 
alloying  elements  (silicon  and  chromium)  have  a  stronger  influence  dur¬ 
ing  low  and  medium  tempering,  while  others  (vanadium)  are  most  effec¬ 
tive  during  high  tempering.  High-alloy  steel  containing  considerable 
quantities  of  carbide -forming  elements  may  retain  its  hardness  and 
strength  to  the  point  of  high  tempering  (500-550°).  In  some  cases  tem¬ 
pering  at  temperatures  of  approximately  500-600°  causes  an  increase  in 
hardness.  The  influence  of  tempering  on  the  magnitude  of  internal 
stresses  of  the  1st  type  depends  to  a  considerable  extent  on  the  point 
at  which  these  stresses  develop.  Tempering  causes  a  sharp  decrease  in 
internal  stresses  if  they  developed  during  quenching  or  before  the 
steel  was  finally  tempered  (e.g. ,  during  straightening  of  untempered 
quenched  steel).  It  causes  a  slight  decrease  in  internal  stresses  in 
previously  tempered  components  (e.g.,  tempered  components  subjected  to 
straightening  and  then  retempered  tc  reduce  internal  stresses).  In  or¬ 
der  for  tempering  to  provide  a  maximal  reduction  of  internal  stresses 
after  straightening  the  latter  operation  can  be  carried  out  with 
quenched  steel  or  at  least  after  tempering  at  a  lower  temperature  than 
that  used  for  the  final  tempering  to  relieve  internal  stresses.  Bl~w 
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Fig.  2.  Influence  of  tempering 
temperature  on  the  variation  In 
the  hardness  and  strength  of  U7 
steel  during  torsion  and  exten¬ 
sion  (S.I.  Ratner).  o  -  brittle 
fracture;  •  -  plastic  fracture. 

p 

1)  kg/mnT;  2)  quenching  without 
tempering;  3)  tempering  tempera¬ 
ture,^. 

of  alloy  steel.  During  high  tempering  of  complex -alloy  steels  the  car¬ 
bides  become  enriched  with  chromium,  molybdenum,  vanadium,  and  tung¬ 
sten.  The  composition  of  a  steel  has  a  considerable  Influence  on  the 
change  in  its  characteristics  during  tempering  and  on  its  structure, 
particularly  on  the  rate  of  carbide  coagulation.  Internal  stresses  of 
the  1st  type  are  substantially  reduced  during  tempering.  Figure  1  shews 
the  typical  Influence  of  tempering  on  the  mechanical  characteristics  of 
alloy  structural  steel.  Low  tempering  at  200-250°  raises  yield  strength, 
somewhat  reduces  ultimate  strength,  and  Increases  viscosity  and  plas¬ 
ticity.  When  tne  tempering  temperature  Is  further  raised,  the  Impact 
strength  of  the  steel  drops;  It  rises  once  more  when  the  tempering  tem¬ 
perature  reaches  450°.  Certain  types  of  alloy  steel  exhibit  two  dips  In 
Impact  strength,  at  300-400°  and  500-550°,  which  seedtimes  merge  to 
form  a  single  protracted  drop  (see  rig.  1).  The  rate  of  the  decrease  is. 
strength  during  tempering  depends  c.n  the  alloying  elements  present  ir, 
the  steel.  Such  elements  as  silicon,  ccba.t,  chromium,  molybdenum. 
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Pig.  3*  Graphs  showing  the  Influence  of  tempering  temperature  on  the 

variation  In  the  hardness  (RC),  viscous  strength  (c  '  ),  brittle 

vysz 

strength  and  ultimate  strength  (afe)  of  high-carbon  (i),  medium- 

carbon  (II),  and  low-carbon  (III)  steel,  l)  Tempering  temperature. 

tungsten,  and  vanadium  retard  the  drop  In  hardness  and  strength.  Some 
alloying  elements  (silicon  and  chromium)  have  a  stronger  influence  dur¬ 
ing  low  and  medium  tempering,  while  others  (vanadium)  are  most  effec¬ 
tive  during  high  tempering.  High-alloy  steel  containing  considerable 
quantities  of  carbide -forming  elements  may  retain  its  hardness  and 
strength  to  the  point  of  high  tempering  (500-550°).  In  some  cases  tem¬ 
pering  at  temperatures  of  approximately  500-600°  causes  an  increase  in 
hardness.  The  Influence  of  tempering  on  the  magnitude  of  Internal 
stresses  of  the  1st  type  depends  to  a  considerable  extent  on  the  point 
at  which  these  stresses  develop.  Tempering  causes  a  sharp  decrease  in 
internal  stresses  If  they  developed  during  quenching  or  before  the 
steel  was  finally  tempered  (e.g.,  during  straightening  of  untempered 
quenched  steel).  It  causes  a  slight  decrease  in  internal  stresses  In 
previously  tempered  components  (e.g.,  tempered  components  subjected  to 
straightening  and  then  retempered  to  reduce  internal  stresses).  In  or¬ 
der  for  tempering  to  provide  a  maximal  reduction  of  internal  stresses 
after  straightening  the  latter  operation  can  be  carried  out  with 
quenched  steel  or  at  least  after  tempering  at  a  lower  temperature  than 
that  used  for  the  final  tempering  to  relieve  Internal  stresses.  Blow 
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tempering  of  quenched  high-carbon  steel  leads  to  a  decrease  in  hardness 
and  an  increase  in  strength,  since  the  latter  property  of  this  steel  is 
governed  by  its  resistance  to  brittle  fracture  (rupture)  (see  Pig.  2). 
Figure  3  shows  the  influence  of  tempering  temperature  on  the  strength 
of  high-carbon,  medium-carbon,  and  low-carbon  steel.  The  Increase  in 
brittle  strength  during  low  tempering  is  apparently  associated  with  a 
decrease  in  martensite  tetragonality.  In  order  to  give  steel  a  bright 
surface  after  tempering  it  is  subjected  to  "bright  tempering,"  which  is 
carried  out  in  molten-alkali  baths  deoxidized  with  potassium  ferrocyan- 
ide.  Use  of  such  tempering  at  temperatures  above  550°  is  not  recommend¬ 
ed  for  especially  critical  components,  since  there  is  a  danger  of  su¬ 
perficial  nitrogen  saturation,  which  causes  an  increased  tendency  to¬ 
ward  brittle  fracture. 

References:  Gulyayev,  A.P.,  Termicheskaya  obrabotka  stall  [Heat 
Treatment  of  Steel],  2nd  Edition,  Moscow,  I960;  Mes 'kin,  V.S.,  Osnovy 
legirovaniya  stall  [Principles  of  the  Alloying  of  Steel],  Moscow,  1959; 
Bokshteyn,  S.Z.,  Struktura  i  mekhanicheskiye  svoystva  legirovannoy 
stall  [Structure  and  Mechanical  Properties  of  Alloy  Steel],  Moscow, 
1954;  Potak,  Ya.M. ,  Khrupkiye  razrusheniya  stall  i  stal'nykh  detaley 
[Brittle  Fracture  of  Steel  and  Steel  Components],  Moscow,  1955* 

Ya.M.  Potak 
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TENASCO  -  high-strength  cellulose  hydrate  fiber,  obtained  by  spin¬ 
ning  from  viscose  solutions  into  a  settling  bath  with  a  reduced  concen¬ 
tration  of  H2S0^  (80-110  g/liter)  and  an  elevated  content  of  zinc  sul¬ 
fate  (60-120  g/liter)  at  60-70°.  The  spun  fiber  is  subjected  to  maxi¬ 
mum  stretching  in  water  at  90°  (by  90-100$).  Tenasco  is  characteris¬ 
tic  by  almost  complete  structural  uniformity  over  the  cross  section. 
When  spinning  by  the  continuous  method  a  fiber  is  obtained  with  a 
rupture  length  of  29-7  km  at  an  elongation  of  16-17$.  The  wet  strength 
is  20.7  km,  elongation  23$,  strength  with  a  knot  18.9  km,  elongation 

10$.  When  using  tenasco  for  cord  production  the  fiber  strength  com¬ 
prises  32.4-33.3  km,  the  elongation  9$-  Specific  tensile  strength  is 

p 

about  50  kg/mm  .  At  present  tenasco-super  70,  tenasco-super  105,  ten- 
asco-super  401,  etc.,  fibers  are  produced  with  a  strength  in  excess 
of  50  km.  By  its  chemical  resistance  tenasco  does  not  differ  from 
other  types  of  cellulose  hydrate  fibers.  Tenasco  is  used  for  making 
cord  fabric  (low  fiber  numbers),  ropes,  knitted  products  used  for 
technical  purposes,  l.e.,  conveyor  belts,  belts,  etc. 

References ;  Serkova,  A.T.,  Konkin,  A. A.  and  Kotomina,  I.N. ,  ”KhV," 
No.  1,  page  51,  1959;  Moncruiff,  R.W. ,  " Khimicheskiye  volokna"  [Chem¬ 
ical  Fibers],  translated  from  English,  Moscow,  1961. 

L.S  Gal'braykh 
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TENSILE  STRENGTH  -  the  mean  tensile  stress  at  the  instant  of  ten¬ 
sile  fracture.  Although  simultaneous  fracture  over  the  entire  cross- 
section  of  a  component  corresponds  to  an  infinite  cracking  rate  and  is 
consequently  never  achieved,  tensile  strength  is  a  useful  characteris¬ 
tic  of  structural  materials.  All  other  conditions  being  equal,  the  ten¬ 
dency  to  brittleness  decreases  and  structural  strength  increases  as 
tensile  strength  rises.  In  tension-brittle  materials  the  tensile 
strength  corresponds  to  the  ordinary  ultimate  strength.  Embrittling 
factors  (a  decrease  in  temperature,  an  increase  in  loading  rate,  intro¬ 
duction  of  notches  or  cracks,  or  a  transition  to  biaxial  extension) 
are  necessary  for  evaluation  of  the  tensile  strength  of  tension-plas¬ 
tic  materials.  The  tensile  strength  obtained  in  such  cases  is  not  al¬ 
ways  conclusive.  Tensile  strength  usually  increases  rapidly  as  the 
structure  of  the  material  becomes  finer.  Many  factors  have  different, 
sometimes  opposite  effects  on  tensile  strength  and  resistance  to  plas¬ 
tic  deformation;  for  example,  raising  the  carbon  content  of  low-temper 
steels  reduces  their  tensile  strength  and  increases  their  hardness 
(see  Rupture,  Tensile  fracture). 


Ya.B.  Fridman 
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TENSILE  TEST  -  is  the  determination  of  mechanical  properties  of 
metals  in  which  the  specimen  (preponderantly  of  a  round  or  square  cross 
section)  is  loaded  by  two  axial  forces  with  opposite  direction  applied 
on  the  ends  of  the  specimen.  The  wide  use  of  the  monoaxial  stretching 
is  caused  by  the  fact  that  the  determination  of  the  most  significant 
strength  and  plastic  characteristics  of  the  materials  is  relatively 
simple.  The  machines  for  tensile  test  (IM-4,  IM-12,  IM4-30,  R-5,  etc., 
for  example)  are  usually  provided  with  self-recording  devices  which 
graph  automatically  the  stretching  curve  in  (Al,  2)  (absolute  elonga¬ 
tion  v. s.  stress)  coordinates.  The  conditional  proportional  limit,  Cpte 
and  the  yield  limits  og  or  o0  2  (the  physical  or  the  conventional)  are 
determined  approximately  on  basis  of  the  stretching  curve  (Figure);  the 
tensile  strength,  0 b,  is  determined  with  a  sufficient  exactness  on 
basis  of  the  graph  dividing  the  maximum  load  by  the  initial  area  F0  of 
the  specimens  cross  section.  Gauges  (mirror  gauges,  wire  strain-gauges, 
etc. )  must  be  used  to  determine  exactly  the  conditional  yield  limit, 
proportional  limit,  elasticity  limit  and  also  the  modulus  E  of  elasticl- 
&  and  the  Poisson's  ratio  4.  The  relative  elongation  <*>  (in  %)  and  the 
relative  necking  V  (in  %)  in  the  moment  of  breaking  are  calculated  on 
basis  of  the  measurement  of  the  working  part  of  the  specimen. 

The  methods  of  the  tensile  test,  the  requirements  of  the  machines 
and  devices,  the  dimensions  and  the  technology  of  cutting  and  prepara¬ 
tion  of  the  specimens  are  standardized  by  GOST  1497-61. 
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Fig.  Stretching  curve:  Al)  Absolute  elongation;  £)  force. 

References:  Shaposhnikov  N. A.  Mekhanicheskiye  ispytaniya  metallov 
[Mechanical  Tests  of  Metals],  2nd  edition,  Moscow,  Leningrad,  195^- 

I.V.  Kudryavtsev,  D.  M.  Shur 
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TENSILE  TEST  WITH  TWISTING  -  is  the  evaluation  ol‘  the  notching 
sensibility  of  materials;  it  makes  apparent  the  tendency  to  brittle  de¬ 
structions  and  consists  in  the  testing  of  a  cylindrical  specimen  with  a 
V-shaped  notch  displaced  along  the  specimen  to  one  of  its  ends  under 
which  a  wedge  plate  is  laid.  Usually,  plates  with  an  angle  of  taper  of 
4°,  8°,  or  12°  are  applied.  The  specimen  is  loaded  with  a  stretching 
force,  and  the  wedge  plate  generates  additional  bending  stresses  in  it. 
The  tensile  test  with  twisting  is  carried  out  on  universal  or  on  break¬ 
ing  test  machines.  Bolts  may  be  immediately  subjected  to  the  tensile 
test  with  twisting;  the  final  turn  under  the  nut  which  is  screwed  on 
the  bolt,  and  under  which  the  plate  is  laid,  serves  as  a  notch  in  this 
case.  The  notching  sensitivity  is  evaluated  in  the  tensile  test  with 
twisting  by  the  relative  decrease  of  the  strength  of  the  specimen  or  by 
the  maximum  load: 

O’  O'* 

'•It  *  if 

cT  or  ’i  ~  /<-  . 

where  is  the  strength  of  the  specimen,  tested  without  twisting,  and 
is  the  strength  of  the  specimen  or  the  bolt  tested  with  an  angle  of 
taper  of  a°;  P°  is  the  maximum  load  the  bolt  stood  without  twisting, 

and  Pa  is  the  load  the  specimen  or  bolt  stood  in  the  test  with  an  angle 
of  taper  of  a°. 

References:  Shaposhnikov  N. A.,  Mekhanicheskiye  ispytaniya  metallov 
[Mechanical  Tests  of  Metals],  2nd  edition,  Moscow- Leningrad,  lc-j>4. 

N.  V.  Kadobnova 
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4026 


III-28t 


TERYLENE  —  synthetic  heterochain  fiber  from  polyethyleneterepha- 
late  (product  of  condensation  polymerization  of  dimethyl  ester  of 
terephthallc  acid  and  ethylene  glycole).  It  is  produced  in  England  in 
the  form  of  filament  fiber  of  medium  and  high  strength  and  in  the  form 
of  staple  fiber.  The  production  of  this  fiber  is  assimilated  in  the 
USSR  under  the  name  of  lavsan.  For  details  on  the  properties  and  util¬ 
ization  of  Terylene  see  Polyester  Fiber. 

E.M.  Ayzenshteyn 
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TESTING  OP  SPRING  STRIP  -  is  the  determination  of  the  limit 
strength,  the  relative  elongation  (GOST  1497-61),  the  number  of  alter¬ 
nating  bendings  up  to  fracture  (OST  1666),  the  Vic  kero  hardness  (GOCT 
2999-59)  and  of  other  mechanical  properties. 

The  main  mechanical  characteristics  of  the  spring  strip  are  the 
modulus  E  of  elasticity,  the  conditional  proportional  ( elasticity)  and 
yield  limits.  The  magnitude  of  the  elastic  after-effect,  the  resistance 
to  relaxation  and  the  creeping  are  also  important  for  strip  materials 
destined  for  the  production  of  elastic  sensible  elements  of  precision 
instruments  (membranes,  bellows,  tube  manometers,  etc.  ). 

The  bending  method  is  applied  in  the  majority  of  the  devices 
destined  for  the  testing  of  strip  materials,  this  fact  is  explained 
above  all  by  the  tendency  to  reproduce  the  stressed  state  occurring  in 
the  practical  use  of  the  elastic  piece. 

The  static  methods  of  testing  spring  strips  are  divided  into  2 
groups:  1)  tests  in  which  the  force  given  to  the  specimen,  and  its  de¬ 
formation  are  measured  (direct  tests);  2)  tests  in  which  only  the  total 
and  remaining  deformation  are  measured  (indirect  tests);  and  the  arising 
stresses  are  determined  by  the  formula 

O 

where  E  is  the  modulus  of  elasticity  in  kg/mm‘‘,  €ot)^^.n  is  the  total 
relative  deformation. 

The  most  perfect  device  for  the  tests  of  the  first  group  is  Gevon- 
dyan's  device,  in  which  the  specimen  is  tested  under  conditions  near  to 
pure  bending.  The  bending  stress  o  and  the  relative  deformation  c  aris- 
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ing  during  the  test  are  deteimined  by  the  formula 

“  'S' 

where  Jb,  h,  L  are  the  width,  thickness  and  length  of  the  specimen,  re¬ 
spectively,  in  mm;  M  is  the  bending  moment  in  kgmm  on  the  tested  length; 
qp  is  the  angle  of  bending  in  radians.  The  modulus  of  elasticity,  the 
proportional  limit  Optg  and  the  yield  limit  oQ  2  are  determined  on 
basis  of  the  drawn  bending  diagram  (o  vs.  l). 

Prom  the  second  group  of  spring  strips  testing  methols,  the  methods 
of  Zubov,  Tsobkallo,  and  Rakhshtadt  are  the  most  widely  used.  The  Zubov 
method  consists  in  the  "forcing"  of  strip  specimens  by  bending  them 
around  a  ring  or  a  drum.  The  stresses  arising  in  this  case  are  calculat¬ 
ed  by  the  formula 

"  1  i'n  • 

where  R  is  the  fixed  curvature  radius  along  the  neutral  line  in  mm. 
Measuring  the  residual  curvature  radius  p  after  the  specimen  has  been 
set  free,  the  magnitude  of  the  relative  residual  deformation  e  is  cal¬ 
culated  from  the  formula  r,HI  *  .  The  conditional  elasticity  limits 
nQ  oy  °0  01'  e^c*  room  temperature  only)  are  determined  from  the 
(c  vs.  e  . )  function  for  a  fixed  allowance  of  the  residual  deformation. 

In  Tsobkallo1 s  device,  in  which,  as  in  Zubov's  method,  a  pure 
bending  is  secured,  the  specimen  is  deformed  by  bending  around  the 
lateral  face  of  a  cylindrical  mandrel.  The  flexure  of  the  specimen, 
from  which  the  residual  deformation  is  calculated,  is  determined  with  a 
high  exactness  by  a  measuring  microscope.  The  design  of  the  device  al¬ 
lows  tests  to  be  carried  out  both  at  room  and  at  elevated  temperatures. 

Rakhshtadt's  method  is  based  on  the  measurement  of  the  deformation 
by  longitudinal  bending  (Fig.).  The  specimen  with  the  length  L  obtains 
a  longitudinal  deformation  Ax  by  means  of  an  assembly  set  up  on  the 
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desk  of  the  PMT-3  device,  and  the  residual  flexure  f  ,  after  dir: chan'- 

o: » », 

ing  of  the  specimen  is  measured  by  means  of  an  optical  devi'-e.  There¬ 
upon.  the  values  of  the  fixed  and  residual  >.  .  deformations 

are  determined  for  the  point  B  using  the  values  of  Ax  ane  f  and 
formulae  compiled  to  nomograms.  The  conditional  elasticity  limits  are 
determined  graphically  on  basis  of  the  function  ('-oh,  h,.h  7  •  •  0..t . )  in 
the  same  way  as  in  Zubov's  method.  The  simplicity  of  the-  test  and  the 
high  reproducibility  of  the  results  are  advantages  of  kakshtadt's  me¬ 
thod,  but  it  can  be  carried  out  at  room  temperature  or.  g/.  '[he  listed 
Indirect  methods  permit  tests  for  relaxation  or  elastic-  aftereffect. 

The  elasticity  limits  determined  by  these  methods  ate  nominal,  and 
their  values  exceeds  the  values  of  the  true  elasticity  limits  determ¬ 
ined  by  direct  methods,  because  the  indirect  methods  u  •:  formulae  valid 
in  the  elastic  range. 


» 


Fig.  Scheme  of  the  bending  test  of  strip  materials  a- n  r  Sing  to 
Rakhshtadt. 

References:  Gevondyan,  T.A. ,  Pruchinnyye  dvign*  ,-.i  '  T;  ring  ive.g 
Moscow,  1956;  Zubov  V.  Ya. ,  "Zavodskaya  laboratc  ri  -n,  "  .1  'A  1.  it. 

No.  12;  Tsobkallo  S.  0. ,  "Fizika  metallov  i  netaliove  ie.n’.y-e,  "  1  ••  o,  7ol. 
2,  No.  1;  Rakhshtadt  A.G.,  Shtremel’  M.  A. ,  "fav.  d.  k:.y*t  iai<  ratoriya,  ” 
I960,  No.  6. 


TESTING  OF  WIRE  -  is  an  investigation  in  order  to  evaluate  mechan¬ 
ical  (tensile  test,  shearing  test)  or  technological  (winding,  bending, 
torsion  trials)  properties  of  wires.  The  testing  of  wire  for  tension  is 
carried  out  according  to  GOST  1497-42;  the  breaking  strength  (ob)  and 
the  elongation  6  are  usually  determined,  but  rarely  the  proportional 
limit  ( apts ) ,  t^le  yield  limits  (og,  g)  and  the  modulus  of  elasticity 
E.  "Snail"  heads  (Fig. )  are  used  in  order  to  avoid  a  pinching  off  of 
the  wire  in  the  clamps  of  the  test  machine.  The  shearing  strength  (t  ) 
is  determined  in  the  shearing  test  of  wire  (see  Shearing  Test).  The 
ability  of  the  wire  to  be  deformed  plastically  is  evaluated  by  torsion 
and  bending  trials.  The  torsion  test  of  wire  is  carried  out  on  machines 
and  devices  (GOST  1549-42)  at  a  constant  or  alternating  direction  of 
the  torsion.  The  plasticity  of  wire  is  evaluated  by  the  number  of  re¬ 
peated  torsions  causing  the  rupture  of  the  wire.  The  look  of  the  frac¬ 
ture  and  the  surface  :f  the  twisted  wire  characterize  the  homogeneity 
of  the  material  and  the  presence  of  defects  in  It  (see  Twi sting  Trial). 
The  bending  trial  (GOST  lt7y--2)  is  the  most  important  technological 
‘rial  for  wire:  the  sample,  clamped  in  a  cramp  with  rounded  jaws,  is 
broken  by  means  of  repeated  bendings  for  ldO°,  or  its  surface  shows 


damages  (laminations  cr  slight  tears)  as  a  result  of  the  test.  The  de- 


gree  of 


.tv  is  determined  by  the  number  of  bendings  causing  frac¬ 


ture  or  the  erpearar.  c 


v  f  damages  on  the  surface  (see  backward  and  For¬ 


ward  Sending  Trial).  The  ability 


*  *..* . 


*  g  *  **  ,>  i  *  **  vr  ■  (  n 


-r.  a  'J- chared  lamped  se 


f  the  wire  to  undergo  a  fixed  winding 
:  state  on  a  mandrel  with  a  fixed  dia- 
iicn  of  the  wire  itself  (OST  l69t>). 
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Device  to  hold 
test  wire. 

The  absence  of  laminations,  exfoliations,  cracks,  slight  tears  arid 
fractures  proves  that  the  wire  has  .toed  the  trial. 

iJ.V.  Kadobnova 
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TEST  OF  SPRING  WIRE  -  is  a  test  for  the  determination  of  the 
strength,  the  number  of  bendings,  and  of  the  breaking  torsions  (GOST 
1071-41,  and  GOST  7389-60),  and  also  of  other  mechanical  features.  The 
elasticity  limit  in  torsion,  determined  on  the  Siebel  -  Pomp  apparatus, 
serves  frequently  as  the  basic  characteristic  of  spring  wire.  The  speci 
men  with  a  working  length  of  usually  100  mm  obtains  a  torsional  stress 
t  in  kg/W"  by  twisting,  determinable  by  the  formula:  T  pc  ,  where 
cp  is  the  torsion  angle  in  radians;  d  and  1  are  the  diameter  and  the 
length  of  the  specimen,  respectively;  G  is  the  shearing  modulus  assumed 
for  steel,  for  example,  equal  to  8000  kg/mm  .  Thereupon,  the  specimen 
is  discharged,  and  the  residual  relative  shearing  angle  7QSt  is  determ¬ 
ined  by  the  formula: v..c.=  — ,  where  Tost  is  the  residual  torsion  angle 
By  means  of  successive  tests,  the  function  (t,  7ost)  is  obtained,  which 
is  used  to  determine  the  elasticity  limit  Tq  corresponding  to  a 


A  new  device  was  developed  (Fig.  1) 


residual  deformation  y  =  0.06$. 


because  the  Siebel-Pomp  device  is  in¬ 
stable,  has  not  a  dynamometer,  has  a  low 
efficiency,  and  the  results  are  approxi¬ 
mately  owing  to  the  approximately  assumed 
shearing  modulus;  the  new  device  is  dis¬ 
tinguished  by  a  higher  efficiency  and  has 
an  electric  dynamometer  with  a  computer 
which  determines  automatically  the  elas- 

Fig.  1.  Device  for  the  test  ticity  limit  and  permits  the  drawing  of 
of  spring  wire  (designed  bv  0 

the  Ufa  Aviation  Institute). 
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the  whole  torsion  curve. 


Wire  materials  used  for  power  and  sensible  elasti  •  elements  must 
be  frequently  tested  at  raised  and  reduced  temperatures.  In  this  case, 
the  characteristics  obtained  in  long-time  tests  (elastic-  after-effect, 
relaxation,  creep)  become  important  in  addition  to  the  short-time  char¬ 
acteristics  (moduli  of  elasticity  and  shearing,  proportional  elasticity, 
and  yield  limits).  In  Fig.  2,  a  scheme  of  a  device  is  shown  for  the 
determination  of  conditional  elasticity  limits  and  the  measurement  of 
the  elastic  after-effect  at  temperatures  up  to  800°.  Tie  specimen  to 
be  tested  is  fixed  in  clamps  and  obtains  a  fixed  torsimal  deformation 
which  results  in  a  stress  t.  The  measurement  of  the  residual  deforma¬ 
tion  (after  discharge)  is  carried  out  by  means  of  a  mirror  and  a  tube. 
The  elasticity  limits  which  may  be  obtained  with  very  small  allov/ance 
(up  to  0.  OOI50)  due  to  the  high  exactness  of  the  measurem  :nt,  are  de¬ 
termined  in  the  same  way  as  in  the  Siebel-Pomp  device.  Characteristics 
of  the  elastic  after-effect  are  also  determinable  Ly  the  new  device  on 
the  basis  of  the  obtained  residual  deformation  as  a  function  of  the 
holding  time  at  a  given  stress.  The  low  efficiency  is  a  disadvantage  of 
this  device. 

..  ■« 

I  ■ 

•  *  I 

I  I  •  * 

.  1  I 

I  I 


Fig.  2.  Scheme  of  a  device  for  the  determination  of  the  limits  of  elas¬ 
ticity  and  of  the  elastic  after-effect  of  the  wire:  1)  Specimen;  2)  and 
3)  clamps;  4)  worm  gear;  5)  tube;  6)  mirror. 
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The  static  torcional  test  of  wire  may  be  carried  out  by  testing 
spring-specimens  for  compression.  This  method  consists  in  a  graphic- 
analytical  drawing  of  the  shift  diagram  according  to  the  force  charac¬ 
teristics  of  the  spring,  and  a  subsequent  determination  of  the  shearing 
modulus  G,  the  proportional  limit  Tpts  and  the  yield  limit  tq  ^  on 
basis  of  the  diagram.  The  fact  that  the  test  is  not  carried  out  with 
pure  tosion,  is  a  disadvantage  of  this  method;  the  high  efficiency  and 
the  possibility  to  carry  out  the  tests  relatively  easily  at  raised  and 
reduced  temperatures,  are  advantages  of  this  method.  A  dynamic  method 
is  used  to  determine  the  relaxation  of  the  wire  during  stretching;  the 
method  consists  in  the  measurement  of  the  natural  frequencies  of  the 
stretched  wire,  and  the  subsequent  determination  of  the  value  of  the 
relaxation  stress  o  according  to  the  formula  n  <<./*>*  ,  where  p  is  the 
density  of  the  material  in  g/cm^,  1  is  the  length  of  the  specimen  in  mm; 

N  is  the  natural  frequency  in  cps.  Torsional  creep  tests  of  wire  may  be 

carried  out  by  testing  spring  specimens  for  compression.  A  fixed  stress 
t  is  given  by  a  constant  load  P,  determinable  from  the  formula 
where  d  is  the  diameter  of  the  wire  in  mm;  D  is  the  mean  diameter  of 

the  spring  in  mm;  <p  is  the  angle  of  the  coil  pitch. 

The  test  process  gives  the  relative  shear  angle  y  as  a  function  of 
the  holding  time;  y  is  determined  by  the  formula  v  ,  where  X  is 

the  sagging  of  the  spring  in  mm;  i  is  the  number  of  the  working  coils. 

References:  Tsobkallo  S. 0. ,  "Fizika  metallov  i  metallovedeniye, " 
1956,  Vol.  2,  No.  1;  Kalachev  I. B. ,  Talakin  N. I. ,  "Zavodskaya  labora- 
toriya, "  1959»  Vol.  25,  No.  11;  Davidenkov  N.  and  Sakharov  P.  "Zhuroal 
tekhnicheskoy  flziki"  [Journal  of  Technical  Physics],  1934,  Vol.  A,  No. 
2. 

I.B.  Kalachev 
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TESTS,  MECHANICAL  —  see  Mechanical  Tests. 
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TESTS,  MICROMECHANICAL  —  see  Micromechanical  Tests. 
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TEXTOLITE  -  laminated  plastic  material  made  by  hot  pressing  of 
cotton  impregnated  by  a  thermosetting  type  resin.  To  import  specific 
TABLE  1 

Principal  Characteristics  of  Sheet  Textolite 


Trnei 

r"JIHT  IM >*i ii id il 

TiMirm, 

71  It i  hJIl'Kl  |i< 

Ml  \M!<m  (jKMf) 

^  CnnrtrTii.i 

^  t 

r<  m  r  — r»  l» 

) 

-3  —  - 

M.IJI.II 

( 1  UCI  Z'.li' 

>  ■'.) 

.  _  4  _  _ 

?mtk  I 

6  HT 

j  in.) 

1  v 

7  ! 

8*  ■' 

i' 

Vaom.iiuli  nee  1.0 . 

! 

1  .3-  ! 

! 

i .  l .  4 

i 

III'  * 
1.1 

■HMIIM*  "I  1 

1  .TA  | 

1  ..5 

1  1-3 

Ill'C.'I'JI  lipoSIIWTIi  (W  fJH’)  "|  ~ 

Hr 

•  Mi'lirc  f 

1 

Qiipii  nirnf*’  ....  .  . 

-^ii PH  |iarrn;KCHHii  ji*»  i**inow» 

I  ♦ » 1  •  n 

.  1  4  Tin 

IJOM 

1  J  *  ►  * 

—  i 

1  4'm; 
f. -Vi 

1  foil) 

1  hf>u 

Hull 

h 

"i'iu  : 

to  ;n»  yrKyJ_  H  s 

lipu  i  H.nTHH  p.iojft.  rjio^u  XO 
yjir^hiinn  .y^jjpimn 

<*'  CM  CM1}  IZf, . 

IfiUll  | 

1  J'HJ 

1  i!«m 

4  *.o 

r*  ti  1 1 

4  3" 

i 

:ir, 

jfi 

I'H 

2f> 

27 

Tpii.TK-Toni'.K-Tk  no  MapTrucy  (_■  C) 

,2i  | 

ur. 

\  2" 

! : : 

12'. 

1  2  j 

1 2  fi 
;<  o 

iTm'i'  ucti.  Hu  npmicn.lK'  <*> 

— 

— 

:w 

.In 

•  K;  | 

Bn  'ininr.muiciiHc  x\  -4  fieri 

nr  GnJlrr  n  -\ 

IK 

■  fn.JICf* 

|  0  ,  5  j 

(■"’-«’)  .  2Q.  •  i . 

\ "  ;,j 1 

" ,  C6 

p  .  ♦’ 

K  1) 

|  0.6 

l 

i 

iii-ii  < 

o;imiinc  1  ai.m  M  f» 

>Jl*T 

Vaf.thHOf  hTH*  1  Ul*  11  MrC  K«H’ 

conixvr it.wn m*  (o.v  cm )  23  • 

\ 

in*  vnicc 

—  | 

— 

— 

l  in  -  *  | 

|  1<f* 

— 

— 

-  - 

|n  *♦*  ] 

I  10* *** 

1 1'l  *• 

_ 

yarjn.no*  iiityrpciim-c  cn- 

i 

npomuKime  <«*)  ^ 

i  — 

— 

— 

I-'  * 

i"  * 

—  j 

1"  * 

, 

) 

M  *** 

1"  *•* 

1 

i"  *•* 

0*eirrp»M._  ^obohiiocti-  npn  *0° 

O  _/• 

npn  lo-ninnur  0,S- 1.  >  ,«v  go 

,  — 

— 

— 

r  * 

4  * 

S  • 

1  ■.  • 

npn  Tojimaxr  i— :t  .«j»  .  y  1 

8arKT|iiiwrMiM  ni'iimucTb  ni-n 

- 

“ 

1  5  * 

1 

2  * 

i  b ' 

•»  • 

ILlnjJi,  CIH***.  JUMI  TwJHHH- 

HOD  N  MM  H  OoflCT  (*<  XM)  20 

1  — 

_ 

!  o.-.* 

4.5*  j 

li .  *  * 

4,r>  * 

T.iiimic  yrji.i  iimni  |.iim  it'inrii 

nr  i 

A? 

i — i 

npn  <»crnt*  1  /u  _  _ 
iliij.VKr|<m.  ni<“iinnwHnrTh  urn 

— 

! 

— 

j 

".*'7  ( 

t 

Hr  i 

fio.H'C 

.  30  ■  _ 

■ 

1 

1 

^  ‘  i 

- 

♦After  being  held 

fur 

4  hour; 

s  at 

70°  with  sub- 

l8i 


- W*  V  —  V  auu  y/v  icianvc  UUiliXUXUy 

for  not  less  than  6  h^urs. 

♦♦After  being  held  in  distilled  water  at  20°  for 
24  hours. 

♦♦♦After  being  held  in  a  medium  with  9b ^  relative 
humidity  at  20°  for  24  hours. 


1)  Properties;  2)  commercial  grade  textolite  (GOST  5-52):  3)  electrical 
equipment  textolite  (GOST  2910-54);  4)  brands;  5)  PTK ;  6)  PT;  7)  B; 

8)  VCh;  9j  0;  10)  specific  gravity;  11)  not  less  than;  12)  ultimate 
strength  (kg/cm2);  13)  In  flexure;  14)  in  tension  along  the  warp;  15) 
same  as  »bcvc  along  the  weft;  16)  in  compression  along  the  layers;  17) 
specific  impact  ductility  (kg-cm/cm2);  18)  Martens  heat  resistance 
(  C / ;  19)  Brlnell  hardness  (kg/mm2);  20)  water  absorption  for  24  hours; 
21)  not  more  than,  22)  for  a  thickness  in  excess  of  1  mm  and  more  not 
less  than;  23)  specific  volume  electrical  resistivity  (ohm-cm); 
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24)  specific  internal  electrical  resistivity  (ohms h  25)  electric 
strength  at  90°  (kv/mm):  26)  for  a  thickness  of  O.o-l.O  mm;  27)  for  a 
thickness  of  2-3  mm;  28)  electric  strength  at  90°  along  layers  for 
sheet  thicknesses  of  8  mm  and  more  (kv/mm):  29)  tangent  of  dielectric 
losses  angle  at  a  frequency  of  10°  cps;  30)  dielectric  permittivity  at 
10°  cps. 

properties  to  textolite,  special  additives,  for  example,  graphite,  are 
added  to  the  composition.  The  fabric  in  textolite  serves  as  the  base 
(reinforcing  filler),  while  the  resin  serves  as  a  binder.  Textolite  is 
produced  with  phenol-,  creso.l-  or  xylenolformaldehyde  resins;  combined 
phenolaniline  formaldehyde  resins  are  also  used.  Coarse  calico,  calico, 
chiffon,  gingham,  nankeen,  belting,  etc.,  are  used  as  the  base.  Nylon- 
and  capron -based  fabrics  are  also  successfully  used  for  the  production 
of  textolite.  Textolite  is  subdivided  by  its  external  appearance  into 
sheet  and  shaped,  and  by  its  intended  service  into  building,  commercial 
grade,  electrical  equipment  and  antifriction.  Both  these  classifications 
are  arbitrary  to  a  substantial  extent,  since  electrical  equipment  tex¬ 
tolite  frequently  serves  simultaneously  as  a  building  material  (pan¬ 
els,  traverse,  etc.),  building  textolite  is  used  as  an  antifriction  ma¬ 
terial  (bearing  linings),  etc. 

Textolite  is  made  in  the  form  of  sheets  (plates)  and  in  the  form 
of  shaped  products  (rods,  tubes,  sleeves,  cylinders,  gears,  pressed 
bearing  liners,  rollers  for  control  cables,  L-  and  T-shaped  components, 
etc.).  For  making  pressed  components  by  the  consumer  proper  the  indus¬ 
try  produces  a  semifinished  product  in  the  form  of  res in -Impregnated 
cotton  fabric. 

The  compressive,  tensile  and  static  flcxtur*.  strc.^th  of  texto¬ 
lite  in  the  temperature  range  from  -60°  to  +150°  decreases  with  an  in¬ 
crease  in  temperature,  having  the  highest  indicators  at  -50*,  -^C*. 

The  specific  impact  ductility  of  textolite  is  highest  at  a  temperature 
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of  20°  and  is  reduced  as  the  latter  changes  In  the  direction  of  increa 
ing  above  zero  as  well  as  subzero  values. 

Tables  1-5  percent  the  principal  characteristics  and  fields  of 
utilization  of  sheet  and  shaped  textolite. 

The  physicomechanical  and  electrical  insulation  properties  of 
textolite  depend  on  the  starting  fabric  (its  structure,  density, 
thickness,  strength  and  presence  of  dressing),  the  nature  of  the  resin 
the  percentage  of  the  resin  and  fabric  content  in  the  finished  mater¬ 
ial,  as  well  as  the  process  by  which  made.  Changing  the  specific  pres- 
sure  within  the  limits  of  75-150  kg/cm  does  not  perceptibly  affect 
the  physicomechanical  properties  of  textolite.  At  a  lower  specific 
pressure  (25-75  kg/cm  )  a  certain  tendency  is  observed  toward  an  in¬ 
crease  in  certain  indicators  (specific  gravity,  flexuaral  and  compres¬ 
sive  strength)  and  toward  a  reducticn  in  the  water  absorption  ability 
with  an  increase  in  the  specific  pressure;  the  changes  thus  observed 
are  highly  insignificant.  Certain  additional  characteristics  of  sheet 
textolite  of  the  PTK  and  PK  brands  are  given  in  Table  2. 

Textolite  has  a  low  friction  coefficient  and  high  wear  resistance 
which  makes  it  into  a  good  antifriction  material.  The  wear  resistance 
of  textolite  under  the  action  of  rubbing  forces  is  higher  than,  for  ex 
ample,  that  of  the  copper-lead  bearing  alloy.  This  makes  it  possible 
to  successfully  use  textolite  as  a  material  for  bearing  liners.  Graph- 
ltized  textolite  has  a  lower  friction  coefficient  and  has  an  even  high 
er  wear  resistance.  The  service  life  of  bearings  from  textolite  is  by 
about  a  factor  of  10-15  greater  and  of  bearings  from  graphatlzed  tex¬ 
tolite  is  by  a  factor  of  20-30  greater  than  that  of  copper-lead  bear¬ 
ings. 

Textolite  has  a  relatively  moderate  hardness  and  substantial  flex 
lbility,  for  which  reason  rextolite  bearings  are  deformed  in  the  pro- 
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cess  of  operation  by  the  pressure,  taking  on  a  shape  which  is  most  ad¬ 
vantageous  for  rubbing.  Water  is  used  as  the  lubricant  for  textolite 
bearings  which  is  practically  impossible  when  metal  bearings  are  used. 
Textolite  absorbs  the  lubricant  (water  in  amounts  of  up  to  10#  of  its 
weight),  with  the  result  that  the  rubbing  conditions  differ  substantial¬ 
ly  from  those  for  metals  which  practically  do  not  absorb  the  lubricant. 
Textolite  is  distinguished  by  a  lower  thermal  conductivity  (by  a  fac¬ 
tor  of  200-400  lower  than  that  of  bronze).  The  coefficient  of  linear 
thermal  expansion  of  textolite  is  3-4*10”'*  (it  is  1.1  •10“'*  for  steel 
and  pig  iron  and  1.9*10”-*  for  brass),  which  also  introduces  its  speci¬ 
fics  in  the  design  and  operation  of  textolite  bearings. 

Textolite  is  sufficiently  resistant  to  strong  hydrochloric,  acetic, 
phosphoric  and  weak  sulfuric  acids.  Alkalis  reduce  the  strength  of  tex¬ 
tolite  and  destroy  it.  The  high -temperature  corrosion  resistance  of 
textolite  is  only  by  a  factor  of  5-7  higher  than  that  of  cellulose  and 
is  by  approximately  the  same  factor  lower  than  that  of  phenol formalde¬ 
hyde  resin.  This  is  due  to  the  high  flammability  of  the  filler,  i.e., 
the  cotton  fabric.  Increasing  the  resin  content  and  replacement  of  the 
organic  filler  by  a  mineral  one  greatly  Increases  the  high  temperature 
corrosion  resistance  of  the  material. 

Textolite  does  not  resist  mildew.  The  formation  of  mildew  on  it 
results  in  a  large  reduction  in  the  electrical  resistivity,  both  sur¬ 
face  and  volume.  Hence  textolite  cannot  be  used  under  tropical  condi¬ 
tions  without  special  protection  fro;,  enamels  (PKE-19,  Spd),  which  con¬ 
tain  funglsldes,  which  are  poisonous  to  mildew  fungi,  or  without  being 
covered  by  the  E-41-00  epoxy  varnish,  which  creates  a  water-resistant 
film. 

Radioactive  radiation  Increases  the  brittleness  and  swelling  capa¬ 
city  of  textolite,  reduces  Us  tensile  strength  and  the  specific  impact 


ductility. 

Textollte  Is  machined  on  standard  metal -cutting  and  woodworking 
lathes  In  the  same  manner  as  many  metals  and  wood.  The  specific  fea¬ 
tures  of  textolites  must  be  taken  into  account  when  machinin';  this  ma¬ 
terial.  Textollte  does  not  have  the  rigidity  of  metal,  Li  Is  flexible, 
for  which  reason  the  dimensional  tolerances  cannot  be  too  small. 

Textollte  is  used  in  a  variety  of  mechanical,  electrical  and  chem¬ 
ical  products,  starting  with  miniature  bearing  liners  and  insulators 
for  rocket  and  guided  missile  body  components.  The  high  antifriction 
properties  together  with  the  fact  that  the  weight  of  enmnonents  from 
this  material  is  by  a  factor  of  5-6  lower  than  the  weight  of  the  same 
component  from  metal  ensure  textollte  extensive  use  in  making  various 
friction  components.  Textollte  is  used  extensively  in  machine  building 
for  the  manufacture  of  gears.  Such  gears,  when  paired  with  metal  gears. 


TABLE  2 

Certain  Additional  Characteristics  of  Sheet  Textolite 
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!  )  Brands;  ^)  tensile  modulus  of  elasticity  (kg/crrT);  3)  relative  elon- 
ga'  ion  at  break  [%)',  4)  shear  modulus  10~3o(kg/cm:-5) ;  5)  endurance  limit 
in  flexure  with  a  symmetrical  cycle  (kg/cnl);  6)  coefficient  of  linear 
expansion  a*10”5  (°c~l);  y)  thermal  conductivity  coefficient  (kcal/m- 
hour-°C);  8)  ..specific  heat  (kc.al/kg-°C) ;  9)  in  torsion;  10)  proportional 
limit  (kg/cm'-);  Al)  ultimate  strength  (kg/cm^);  Id)  modulus  of  elasti¬ 
city  (kg/cnr-);  13)  PTK;  14)  FT. 


work  noiselessly  and  wear  out  slower  than  metal  gears.  Textollte  is  al¬ 
so  used  for  obtaining  decorative  facing  material;  It  is  applied  one  or 
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both  sides  of  plywood  or  metal  sheets.  By  facing  one  side  of  textolite 
with  copper  foil,  the  so-called  foil -faced  textolite  for  printing  pur¬ 
poses  is  obtained. 

TABLE  3 

Fields  of  Application  of  Sheet  Text  lite 
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1)  Kind  of  products ;  2)  fields  of  application;  3)  commercial  grade  tex¬ 
tolite  (GOST  5-52);  4)  sheets  and  plates  from  0.5  to  70  mm  thick;  5)  var¬ 
ious  building  components  to  which  no  special  electrical  insulation  re¬ 
quirements  are  presented;  6)  electrical  equipment  textolite  (GOST  2910- 
54);  7)  sheets  and  plates  with  dimensions  of  not  less  than  400  x  400  mm 
with  a  thickness  from  0.5  to  60  mm  for  brands  A,  B  and  G  and  from  0.5 
to  8  mm  for  tte  VCh  brand;  8)  electrical  insulation  material  ir.  elec¬ 
trical  engineering  installations  for  operation  at  a  surrounding  medium 
temperature  from  -60°  to  +70°;  brands  A  and  B  for  work  in  transform? r 
oil  and  in  air,  G  for  work  in  air  and  VCh  for  work  in  radio  apparatus 
in  air. 


TABLE  4 

Principal  Characteristics  of  Shaped  Textolite 
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1)  Properties;  2)  kind  of  Droducto;  3)  bars;  4)  cylinders;  5)  wound 
tubes;  6)  pressed  tubes;  7)  not  less  than;  8)  specific  gravity;  9)  ul¬ 
timate  strength  (kg/cm-,  not  less  than);  10)  in  flexure;  11)  in  tension; 
12)  depending  onth-.'  diameter  from  440  to  65O);  13)  in  compression  in 
the  axial  direction;  14)  in  tension  in  the  radial  direction;  15)  water 
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absorption  for  24  hours  (j£.  not  more  than);  iC)  depending  on  the  wall 
thickness  from  1.5  to  4.0$);  17)  resistance  to  overheating  for  24  hours 

!°C);  18)  oil  resistance  for  4  hours  (°C);  19)  Martens  heat  resistance 
°C,  not  less  than);  20)  specific  surface  electrical  resistivity 
ohms,  not  less  than);  21)  specific  volume  electrical  resistivity  (ohm- 
em,  not  less  than);  22)  breakdown  voltage  along  the  layer  for  an  ln- 
terelectrode  distance  of  1C  mm  (kv,  not  less  thar.). 

TABLE  5 


Fields  of  Application  of  Shaped  Textollte 
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1)  Kind  of  product;  2)  rods  200-300  mm  long,  d  =  8,  13,  Is,  23,  40  and 
60  mm;  3)  cylinders  with  an  inside  a  3C-s0Q  mm  and  wall  thickness  not 
less  than  5-7  nun;  4)  tubes  with  an  inside  a  =  10-25  mm  and  wall  thick¬ 
ness  1-3  mm;  5)  tubes  with  dimensions  10  x  25,  10  x  2 a  mm,  6)  fields 
of  application;  7)  various  electrical  equipment  and  building  component-; 
8)  electrical  insulation  components  for  work  in  air  and  in  transformer 
oil;  9)  protection  of  wires  and  cables;  10)  various  components,  primar¬ 
ily  assembly. 


References:  Shugal,  Ya.L.  -id  Baranovskiy ,  V.V.  Glcistyye  plastiki 
[Laminated  Plastics],  Mcscow-Leningrad ,  1953;  Avrasir.,  Ya.D.  and  Ivan¬ 
ov,  N.V. ,  Vliyaniye  nekotcrykn  fakterev  tekhncic-icheskogc  pretsessa 
izgotovleniya  teks tolita  r.a  yegc  f isike -mekhan icheskiye  svoystva  [The 
Effect  of  Certain  Factors  of  the  Production  Process  Used  in  Making  of 
Textolite  on  its  Physicomechanical  Properties],  "K'nP,"  No.  3,  pages 
21-24,  1954;  Mashlnostroyeniye.  Er.tsiklcpedich- skiy  ecravochr.ik  [Machine 
Building.  Encyclopedic  Handbook],  Vol.  4,  Moscow,  1947;  Spravochnik  pc 
elektrotekhnicheskim  materialam.  [Handbook  of  Electrical  Engineering 
Materials],  Vol.  I,  Part  2,  Moscow -Leningrad,  1959- 

Ya.L.  Avrasin  and  N.V.  Ivanov 
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TEXTOVXNITES  -  see  Leather  Substitute-. 
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THEORETICAL  STRENGTH  -  the  resistance  to  deformation  and  fracture 
which  a  body  should  have  according  to  calculations  of  the  cohesive 
forces  in  solids.  The  theoretical  strength  of  a  material  is  of  the  or¬ 
der  of  l/lO  E,  where  E  is  Young's  modulus.  In  some  cases  the  strength 
of  steel  can  be  raised  to  350  kg/mm‘ ,  i.e.,  of  the  order  of  l/60  E,  by 
thermomechanical  processing  and  magnetic  quenching.  The  strength  of 
drawn  spring  wire  reaches  l/6f  E,  while  that  of  very  fine  iron  fila¬ 
ments  (see  Whiskers)  is  of  the  order  of  1000  kg/mm2,  i.e.,  l/20  E.  It 
i’.as  thus  been  demonstrated  that  theoretical  strength  is  experimentally 
achievable  and  that  theoretical  strength  and  Mechanical  strength  can  be 
a; proximated.  The  number  and  distribution  of  defects  and  the  surface 
condition  cf  the  material  are  enormously  important  in  approaching 
theoretical  strength.  Elimination  of  surface  defects  (as  by  etching  of 
r'.a.'s  cr  electrolytic  :  dishing  of  metals)  and  creation  of  residual  su¬ 
perficial  compress  ire  stresses  (as  by  special  heat  treatment  of  glass 
*• r  shot -Hasting  of  metals)  permit  a  considerable  increase  in  strength; 
for  example,  that  of  glass  can  be  raised  from  10  kg/mm"  to  3C-100  kg/ 


/— 


or  mere 


References :  Bogus iavskiy ,  I. A..  Vitman,  F.F. ,  and  Pukh,  V. P. ,  Povy- 
s he dye  prochnosti  tenkogo  steklc  ; Raising  the  Strength  of  Thin  Glass], 
DAN  SSSR  (Proceedings  cf  the  A  ademy  of  Sciences  USSR],  1961,  Vol.  138, 
No.  pages  10*  -10<:  ;  Ivanova,  V .  f . ,  Gordiyenko,  L.  K.  ,  Novyye  puti 
povysheniya  prcchnorti  metal  lev  (hew  Techniques  for  Increasing  the 
Strength  cf  Metal  s  (  ,  Moscow,  1  ■•  ••. 

Ya.B.  Fridman 
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THERMAL  COEFFICIENT  OF  VOLUMETRIC  EXPANSION  0  -  a  quantity  charac¬ 
terizing  the  increase  in  a  unit  volume  of  a  body  when  the  temperature 
is  raised  1°.  It  is  calculated  from  the  formula  0  =  1/vAv/AT,  where  v 
is  the  volume  of  the  body  at  a  selected  temperature  and  Av  is  the  in¬ 
crease  in  this  volume  when  the  temperature  is  raised  by  AT.  The  coeffi¬ 
cient  0  is  approximately  three  times  the  thermal  coefficient  of  linear 
expansion.  In  contrast  to  solids  and  liquids,  0  is  roughly  the  same  for 
all  gases,  equaling  1/273  degree-1.  The  value  of  0  usually  Increases 
with  temperature.  However,  there  are  substances  (water,  pig  iron,  bis¬ 
muth,  quartz,  etc. )  in  which  0  decreases  on  heating  within  a  certain 
temperature  range.  A  change  In  the  aggregate  state  of  a  substance  caus¬ 
es  a  sharp  jump  in  its  0. 


G.M.  Bartenev 


THERMAL  EFFECTS  OF  PHASE  TRANSITIONS  -  absorption  (generation)  of 
heat  at  a  constant  temperature,  which  accompanies  first-order  phase 
transitions  in  a  substance  (melting,  vaporication,  sublimation,  transi¬ 
tion  of  solid  bodies  from  one  crystalline  form  to  another,  etc.).  Ther¬ 
mal  effects  of  phase  transitions  are  assumed  to  be  positive  for  ab¬ 
sorption  and  negative  for  generation  of  heat.  Phase  transitions  which 
take  place  without  thermal  effects  of  phase  transitions  (order  phenom¬ 
ena  in  certain  substitutional  solutions,  transition  of  superconductors 
from  the  normal  to  the  superconducting  state,  etc.),  are  called  second- 
order  phase  transitions.  The  thermal  effects  of  phase  transitions  are, 
a  rule,  reduced  with  an  increase  In  the  phase  transition  temperature. 

L.S.  Priss 
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THERMAL  EXPANSION  -  change  in  the  dimensions  of  bodies  upon  heat¬ 
ing.  It  is  characterized  by  the  bulk  expansion  coefficient  p  (see  Bulk 
Thermal  Expansion  Coefficient) ,  and  for  solid  bodies  it  is  also  des¬ 
cribed  by  the  linear  thermal  expansion  coefficient  a  (see  Linear  Therm¬ 
al  Expansion  Coefficient).  The  thermal  expansion  of  monocrystal  is  an¬ 
isotropic,  while  the  thermal  expansion  of  polycrystals,  amorphous  sub¬ 
stances,  liquids  and  gases  is  isotropic.  In  isotropic  expansion  (3  = 

=  3a. 

The  thermal  expansion  of  substances  is  measured  by  various  kinds 

of  dilatometers. 

References:  Khvol'son,  0.,  Kurs  fiziki  [A  Course  in  Physics],  VjI. 
3,  Leningrad,  1925;  Roberts,  D. ,  Teplota  is  termodinamika  [Heat  and 
Thermodynamics].  Translated  from  English,  Moscow-Leningrad,  1950; 
Strelkov,  p.G. ,  "Zhurnal  neorganicheskoy  khimii"  [Journal  of  Inorganic 
Chemistry],  Vol.  1,  Issue  6,  page  1350,  1956;  Strelkov,  P.G.  [et  al.], 
"ZhETF,"  Vol.  7,  Issue  4,  page  519,  1937;  Bekkerdal,  N. ,  "J.  Res.  Nat. 
Bur.  Standards,"  Vol.  43,  No.  2,  page  145;  1949. 

G.M.  Bartenev 
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THERMAL  FATIGUE  —  process  of  changing  the  state  and  properties  of 
a  metal  or  alloy  under  the  effect  of  multiple  heating  and  coolinr, 
which  result  in  deformations  and  failure.  The  term  thermal  fatigue  is 
used  by  analogy  with  the  term  mechanical  fatigue,  which  arises  in  a 
metal  upon  application  of  varying  loads.  However,  substantial  differ¬ 
ences  exist  between  thermal  and  mechanical  fatigue,  which  arises  in  a 
metal  upon  application  of  varying  loads.  However,  substantial  differ¬ 
ences  exist  between  thermal  and  mechanical  fatigue. 

Under  thermal  fatigue  the  stresses  are  produced  not  by  external 
loads,  but  thwarted  thermal  displacements  (expansion  or  compression) 
of  the  most  highly  heated  or  cooled  elementary  volumes  of  the  metal 
in  the  nonhomcgeneous  temperature  field  of  the  component.  In  addition, 
under  mechanical  fatigue  the  averaged  stresses  (stresses  cf  the  1st 
kind)  correspond  to  moderate  (macroscopic)  deformations,  which  do  not 
go  past  the  elastic  limit.  Under  thermal  fatigue  the  deformations  in 
the  most  highly  heated  zones  go  past  the  elastic  limit  and  can  produce 
stresses  which  exceed  the  yield  point.  As  a  result  of  this  the  thermal 
fatigue  process  is  accompanied  by  an  accumulation  of  residual  deforma¬ 
tions;  here  a  substantial  change  in  the  shape  and  dimensions  of  the 
component  is  possible  toward  the  instant  of  failure.  In  many  cases, 
particularly  at  high  temperature  drops  (6  -  O.b-O.o  T.-,),  the  cause  of 

j  * 

failure  under  thermal  fatigue  is  found  to  be  exhaustion  of  the  mater¬ 
ial’s  plasticity. 

In  modern  equipment  thermal  fatigue  acquires  a  particular  impor¬ 
tance  for  materials  which  are  used  for  making  components  cf  gas  turbine 
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THERMAL  FATIGUE  —  process  of  changing  the  .:tate  and  properties  of 
a  metal  or  alloy  under  the  effect  of  multifile  heating  and  coding, 
which  result  in  deformations  and  failure.  The  term  thermal  fatigue  is 
used  by  analogy  with  the  term  mechanical  fatigue,  which  arises  in  a 
metal  upon  application  of  varying  loads.  However,  substantial  differ¬ 
ences  exist  between  thermal  and  mechanical  fatigue,  which  arises  ir.  a 
metal  upon  application  of  varying  loads.  However,  substantial  differ¬ 
ences  exist  between  thermal  and  mechanical  fatigue. 

Under  thermal  fatigue  the  stresses  are  produced  net  bv  external 
loads,  but  thwarted  thermal  displacements  (expansion  or  compression) 
of  the  most  highly  heated  or  cooled  elementary  volumes  of  the  metal 
in  the  nonhomogeneous  temperature  field  of  the  component.  In  addition, 
under  mechanical  fatigue  the  averaged  stresses  (stresses  cf  the  1st 
kind)  correspond  to  moderate  (macroscopic)  deformations ,  which  dc  .net 
go  past  the  elastic  limit.  Under  thermal  fatigue  the  deformations  i.n 
the  most  highly  heated  cones  go  past  the  elastic  limit  and  can  produce 
stresses  which  exceed  the  yield  point.  As.  a  result  cf  this  the  thermal 
fatigue  process  is  accompanied  by  an  accumulation  cf  residual  deforma¬ 
tions;  here  a  substantial  change  Ir;  the  shape  and  dimensions  cf  tne 
component  is  possible  toward  the  instant  cf  failure.  In  many  cases, 
particularly  at  high  temperature  drops  (6  T.  . tne  cause  of 

failure  under  thermal  fatigue  is  found  to  be  exhaustion  of  the  mater¬ 
ial1  s  plasticity. 

In  modern  equipment  thermal  fatigue  acquires  a  parti  «.lar  imu.r- 
tanee  for  materials  whim,  are  used  for  making  -umrcnentr  cf  gas  turtine 
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Pig.  1.  Temperature  distribution  at  the  surface  of  a  runner  bucket  (a) 
and  the  corresponding  isotherms  (b)  after  cooling  for  4  seconds  (gas 
heating  —  1.5  min,  compressed  air  cooling  -  ?0  secs).  1)  Material  tem¬ 
perature,  °C;  2)  leading  edge;  3)  temperature  along  the  cente.  line; 

4)  trailing  edge;  5)  sec;  6)  center  line. 
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Fig.  Setup  for  thermal  fatigue  tenting  of  bar  stock.  a)  Teco  sec¬ 
tion  of  the  specimen;  b)  point.  at  which  current  in  let  in.  1)  freei. 
men;  2,  ?)  inride  and  outride  ad, hi. .table  rer.tr;  a)  in.ride  and  out r; id' 
adjustable  supports;  l>)  bed;  o)  insulating  layer;  7)  strain  gager:  ;; 
temperature  pickuns ;  y)  recording  device;  10)  heat  nap ply;  11)  sur¬ 
rounding  medium  supply. 
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the  characteristics  of  the  material  (a,  4,  K>  o,  ,,,  K,  h) ,  the  shape 
and  dimensions  of  components,  medium  and  their  heating  condition;  hence 
a  complete  estimation  of  resistance  to  thermal  fatigue  ran  be  given 


Fig.  5-  Deformation  (blowing  up 
in  the  center  of  the  test  section) 
of  a  specimen  from  the  KhN77TYuR 
alloy,  which  was  tested  when  rig¬ 
idly  clamped  in  the  setup  shown  in 
Pig.  3- 


1 1 


Fig.  6.  The  number  of  heating 
and  cooling  cycles  as  a  func¬ 
tion  of  the  temperature  drop 
for  typical  heat  resistant  al¬ 
loys.  1)  Maks;  2)  E1867 ;  3)  of 
the  El 867  type;  4)  KhN70VMTYu; 
5)  KhN77TYuR. 


only  for  tests  of  full-scale  specimens  under  conditions  close  to  service 
conditions.  Comparative  estimation  is  performed  by  a  simplified  method 
on  specimens  in  which  the  thermal  stresses  are  produced  by  rigid,  elas¬ 
tic  or  mixed  clamping  of  specimens  which  are  subjected  to  cyclical 
heating  and  cooling.  Many  methods  of  thermal  fatigue  testing  are  known. 
Figures  3  and  4  show  the  most  extensively  used  setups  for  thermal 
fatigue  testing  of  heat  resisting  alloys  using  bar  and  sh.ee t  stock 
specimens . 

Thermal  fatigue  is  usually  evaluated  by  comparinr  the  n-  ver  of 
cycles  at  a  given  temperature  drop  and  level  or  on  the  basis  of  the 
temperature  drop  for  a  given  number  of  cyl»s  at  which,  partial  or  com¬ 
plete  failure  takes  place.  Usually  the  tests  are  continued  either  to 
complete  failure  or  until  a  continuity  disturbing  source  appears, 
which  can  be  detected  by  observation  instruments.  In  sheet  specimens 
the  evaluation  is  sometimes  based  on  the  magnitude  cf  the  specimen's 
deformation.  Substantial  deformation  can  precede  the  failure  also  of 
cylindrical  specimens,  particularly  when  made  from  plastic  alloys  and 
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rigidly  - •  1  fin. ;  <*<i  (I'l.  .  ■  )  i-irwo  *  >  >jw.  the  re;  i stance  to  thermal 

fat  if, we  (the  number  of  cycle:-,  to  failure)  a:;  a  function  of  the  temper¬ 
ature  drop  6t  for  typical  heat  resistant  alloys  used  for  gas  turbine 
engines;  it  can  be  seen  from  the  graph  that  the  test  conditions  can 
radically  change  the  resistance  of  al loys  to  thermal  fatigue,  and  alloys 
which  are  best  at  small  6t  turn  out  to  be  poorer  at  high  6t.  This  is 
due  to  the  fact  that  at  small  temperature  drops  the  stresses  in  the 
more  highly  heat  resistant  alloys  can  basically  remain  within  the  lim¬ 
its  of  elasticity,  while  in  less  heat  resistant  alloys  they  exceed  the 
elastic  limit  and  recull  in  a  substantia1 ly  higher  rate  oi  residual 
deformation  accumulation.  At  larre  temperature  drops  substantial  resid¬ 
ual  deformation  can  be  produced  in  all  alloys  during  a  single  cycle 
and  the  number  of  cylces  will  be  determined  by  the  large  store  of  plas¬ 
ticity  rather  than  by  heat  resistance,  as  in  the  first  case. 

Another  difference  between  thermal  and  mechanical  fatigue  is  the 
higher  than  under  steady-state  heat  conditions  nonuniformity  of  the 
progress  of  diffusion  processes  and  also  of  reactions  between  the  sur¬ 
face  layers  and  the  surrounding  medium. 

N.M.  Sklyarov 
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THERMAL  FATIGUE  TEST  -  see  Thermal  Fatigue. 
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THERMAL,  HEAT,  TEMPERATURE  STRESS  is  the  stress  which  occurs  in 
bodies  with  variation  of  their  thermal  condition  if  free  deformation  of 
the  body  or  parts  of  it  is  restricted.  During  heating  or  cooling  ther¬ 
mal  displacements  take  place  in  bodies.  If  the  thermal  displacements 
take  place  without  restriction,  there  will  be  no  thermal  stresses,  but 
free  thermal  displacements  are  not  encountered  in  practice.  Thermal 
displacement  in  a  given  volume  is  hindered  by  the  thermal  displacement 
of  the  neighboring  elements  if  they  have  a  different  temperature  or  a 
different  coefficient  of  thermal  expansion.  The  difference  between  the 
theoretical  free  displacements  and  those  actually  present  constitutes 
the  "lost"  displacement. 

Thermal  stresses  occur  in  bodies  with  a  nonuniform  temperature 
field,  in  bodies  with  a  coefficient  of  thermal  expansion  which  is  not 
constant  throughout  the  body  volume,  and  in  details  fabricated  from 
materials  having  different  coefficients  of  thermal  expansion. 

Thermal  stresses  which  are  within  the  elastic  limits  are  calculated 
v',’nr  ■‘rhe  ir.eti.jds  of  elasticity  theory  by  adding  to  the  equations  re¬ 
lating  the  stress  and  deformation  the  thermal  displacement  at: 

ln*  — t»(nf  :-M  rai, 
ly  =-  -Jr  l°v  —  Ml".  +-  op!  ;  'If; 

I",  —  |i"\  •  oy)l  f-«f. 

In  the  simplest  cases,  for  examnJe,  for  bars  of  constant  cross 
section,  the  thermal  stresses  may  be  calculated  from  the  formulas: 

a)  with  restraint  of  a  uniformly  heated  bar  o  -  -  KEAt,  where  At 
is  the  temperature  change,  and  K  is  the  coefficient  characterizing  the 
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restraint  stiffness; 

b)  with  linear  distribution  of  temperature  across  the  section  of 

a  bar  of  rectangular  section  1  \i<th  (compression  stresses  appear 

on  the  more  highly  heated  side,  and  tensile  stresses  on  the  cooler 
side); 

c)  with  rigid  restraint  of  a  uniformly  heated  plate 

d)  in  a  tube  of  infinite  length  with  constant  temperature  of  inner 

and  outer  surfaces 

_  „  /.« \i 

fT«  (T  i.  ”  ' 

1  M.IKi  J(  I  11,’ 

where  °<rma^s  is  stress  acting  in  the  circumferential  direction, 
axjnaks  is  stress  acting  in  the  axial  direction. 

Thermal  stresses  may  cause  buckling  and  lead  to  failure.  For  brit¬ 
tle  materials  failure  occurs  when  the  thermal  stresses  calculated  using 
the  elastic  methods  exceed  the  material  strength.  For  plastic  materials 
the  thermal  stresses,  as  given  by  the  deformation,  can  cause  failure 
only  unaer  conditions  of  restricted  deformation,  for  example,  with 
high  stress  concentrations.  As  a  rule,  one-time  occurrence  of  thermal 
stresses  does  not  lead  to  failure  of  the  plastic  materials,  this  re¬ 
quires  many  repeated  applications  of  the  thermal  stresses,  as  a  result 
of  which  there  may  occur  considerable  residual  deformation  in  the  form 
of  warping,  change  of  dimensions,  cracking  and  failure  (see  Thermal 
Fatigue).  In  the  analysis  of  the  long-term  effect  of  thermal  stresses 
it  is  necessary  to  consider  that  they,  as  given  by  the  deformation  will 
relax  in  time.  Thermal  stresses  also  include  those  which  arise  in  con¬ 
nection  with  the  change  of  volume  of  individual  structural  components 
during  phase  transformations,  and  also  those  resulting  from  change  of 
metal  specific  volume  during  crystallization.  These  forms  of  thermal 
stresses  must  be  taken  into  account  in  the  analysis  of  hot  cracks  in 
castings  and  in  weld  seams,  also  quenching  cracks,  etc. 


N.M.  Sklyarov 
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THERMAL  RADIATION  -  is  an  electromagnetic  radiation  caused  by  the 
thermal  motion  of  electric  charges  (electrons  and  ions)  of  the  sub¬ 
stance.  Differing  from  other  forms  of  electromagnetic  radiation,  the 
thermal  radiation  is  in  thermodynamical  equilibrium  with  the  emitting 
substance.  Thermal  radiation  does  not  depend  on  -she  surrounding  medium 
and  is  determined  only  by  the  temperature,  chemi compo-ition  and 
physical  properties  of  the  emitting  body.  Solids  and  liquids  have,  as  a 
rule,  a  continuous  spectrum  of  thermal  radiation.  The  spectrum  of  the 
thermal  radiation  of  monoatomic  gases  consists  of  discrete  lines  (line 
spectrum),  the  spectrum  of  polyatomic  gases  shows  characteristic  bands. 
Volume  radiation  is  specific  for  gaseous  bodies.  The  surface  layers 
with  a  thickness  from  some  microns  to  120-130  microns,  depending  on  the 
density  and  compactness  of  the  body,  take  part  in  the  radiation  of 
solids.  This  property  of  the  thermal  radiation  is  utilised  in  practice 
for  changing  the  emissivlty  of  bodies  by  covering  their  surface  with 
thin  coatings.  The  theory  of  the  thermal  radiation  is  most  totally  de¬ 
veloped  for  th  abs^lu’  ^  v '  1  ,  but  the  results  of  tiw  theory  are 

used  with  certain  approximation  to  solve  problems  of  the  practice. 

The  emissivlty  E  of  a  body  is  defined  as  the  quan*ity  of  energy 
emitted  in  all  directions  by  the  uni*  area  of  the  body  surface  in  time 
unit.  The  spectral  emissivlty  of  the  absolute  bisekbody  into  the  hemi¬ 
sphere  is  determined  by  the  equat.cn 

<#'.(  x.  1  *  #.u  ^  J  (1) 

where  /.u.n  is  the  spectral  intensity  of  the  emission  cf  the  absolute 
blackbody;  d->  is  an  infinitesimal  interval  of  wavelengths  in  m.  The 


.  : .  f  •  .*  .-mi.  .  1  r.  /  >  r,  1:.  determined  a.,  a  function 

..f  ♦  hv  wav-  i.ri't/.  I  y  Plan-  k's  raiiatlon  law.  A"  cording  to  this  law 

i;':i  (2) 

>./ 

» 

whore  C.  -  3.  IV*  kcal*m2/hr,  C0  =  1.44-lcT2  m  decree;  y  is  the 

X 

wavelength  in  m;  e  is  the  basis  of  the  natural  logarithms.  Approximate 
expressions  may  be  obtained  from  Planck's  formula: 

a)  The  Rayleigh- Jeans  formula  for  high  temperatures  or  a  great 
wavelength  <>./  '  ,> 

/.u.  n  o’,  T  [kcal/m^'hrj  (2') 

where  C,  =  C^/C^  ~  2* 2‘ kcal* m/hr- degi je;  y  is  the  wavelength  in 
m; 

b)  Wien's  formula  for  low  temperatures  or  short  wavelength  <xr  c,> 

/.a.  [kcal/m3-hr].  (2”) 

rr, 

Wien's  formula  is  utilized  practically  in  optical  pyrometry  and 
astrophysics.  The  spectral  intensity  of  the  radiation  of  the  absolute 
blaekbody  as  a  function  of  tue  wavelength  has  a  distinct  maximum  for 
each  temperature,  which  shifts  in  the  direction  of  shorter  wavelengths 
at  rising  temperature.  The  oonnef  tion  between  uie  wavelength,  which 
corresponds  to  the  maximum  intensity  of  the  radiation,  and  the  absolute 
temperature  is  given  by  Wien's  displacement  law 

*.r  [  ?m-  degree  , .  (3) 

At  temperatures  usual  in  technology,  the  maximum  lies  in  the  infrared 
range,  at  the  surface  temperature  of  stars  (;  OCQ-1T,000#K),  it  lies  in 
the  wavelength  range  of  the  visible  light. 

Ifco  maximum  of  the  radiation  intensity  is  given  by  the  equation 

T>  '  .r*  [  kcal/m^' hr  ] ,  (a) 
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over  tho  whole  range  of  wave lengths ,  the  so- called  energy  luminosity. 

Is  determined  by  Stefan-Boltzmann's  law 

'  p 

>jn  \  /„(>•  i  ><lf  °7*  [kcal/m  *hr],  (g) 

•i 

_  p  o 

where  o  Is  the  Stefan-Boltzmann  constant  c  -  4.9b* 10  "  [kcal/m  *hr*de- 

4 

gree  ].  In  technical  calculations  the  Stefan-Boltzmann  law  is  expressed 
in  the  form 

f-jr,  [kcal/m2* hr],  (6) 

where  CQ  is  the  radiation  coefficient  of  the  absolute  blackbody 

o  4 

(C  =  4.96  [kcal/m  •  hr*  degree  J. 

Emitting  energy  m  tne  form  of  electromagnetic  waves,  all  boles 
are  also  able  to  absorb  radiation  energy  which  is  incident  on  them.  The 
processes  of  energy  emission  and  absorption  take  place  simultaneously 
and  independently  from  each  other. 

The  theory  of  the  thermal  radiation  of  real  bodies  is  based  on 
Kirchhoff's  law  which  determines  the  universal  quantitative  connection 
netween  the  emissivity  and  absorbing  ability  of  bodies.  According  to 
Kirclihoff's  law,  the  ratio  of  the  emissivity  of  a  body  to  its  absorp¬ 
tion  coefficient  does  not  depend  on  the  nature  of  the  body  and  is  for 
all  bodies  equal  to  the  emissivity  of  the  absolute  blackbody  at  a  given 
temperature.  For  the  spectral  radiation  is  valid 

<•> 

ana  for  the  total  radiation 

>,n  >  (D  (  ) 

According  to  Kirchhoff's  law,  the  emissivity  of  a  ncnblaek  (real) 
body  cannot  be  greater  than  the  emissivity  of  th»’  blackbody  at  the  same 
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emissivi+y.  Metallic  bodies  with  polished  surfaces  have  9  minimum  ther¬ 
mal  radiation  due  to  the  fact  that  they  reflect  well  and  ^besrb  weakly 
the  electromagnetic  radiation.  The  intensity  of  the  thermal  radiation 
increases  with  increasing  roughness  of  the  surface.  Nonmetallic  sub¬ 
stances  (oxides,  carbides,  borides,  silicides,  etc.  )  show,  as  a  ru’e, 
a  higher  emissivlty  than  metals  and,  correspondinly,  a  higher  absorp¬ 
tion  coefficient  also. 

It  follows  from  Kircnhoff's  law  that  the  absorption  coefficient  is 
numerically  equal  to  the  degree  of  blackness  for  gray  bodies  at  the 
same  temperature.  The  Planck  and  the  S’ ef an- Boltzmann  laws  may  be  used 
to  calculate  the  emission  of  nonblack  (real)  bodies  if  their  degree  of 
blackness  is  known. 

The  spectral  intensity  of  the  radiation  of  real  bodies  can  be  cal¬ 
culated  by  means  of  the  formula 

/(Ul  e(X.  T)/,(X.T) 

[keal/n.-'-hr],  (9) 

- , 

where  »**.  n-  is  the  spectral  degree  of  blackness.  The  total  emissivlty 
into  the  hemisphere  is  equal  to 


fdi  r<f)A,(/>  * i r r*  [kcai/m  »  hr  j , 


(10) 


where  t(T)  is  the  degree  of  blackness  of  the  total  radiation.  The  de¬ 
gree  of  blackness  both  of  the  spectral  and  the  total  radiation  is  an 
experimental  value.  Ike  formula  (10)  for  total  energy  radiation  is 
strictly  valid  for  gray  bodies.  For  oodles  whose  spectral  distribution 
of  the  thermal  radiation  differs  from  the  .  pec t rum  of  the  absolute 
hlackhcly,  the  total  radiation  energy  'an  be  determined  by  the  equatios 


A.  ( A)  \  m*  1 JV 


(II) 
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In  practice,  however,  Eq.  (10)  is  generally  used  for  calculating  the 
total  radiation  energy  although  the  radiation  of  many  real  bodies  is 
not  proportional  to  the  fourth  power  of  the  absolute  temperature.  In 
these  cases,  the  blackness  degree  of  the  total  radiation,  contained  in 
Eq.  (10)  and  determined  experimentally  for  each  temperature  and  state 
of  the  body  surface,  is  provided  with  a  certain  correction  which  per¬ 
mits  one  to  apply  the  law  of  the  fourth  power  of  the  absolute  tempera¬ 
ture  to  real  bodies. 

The  distribution  of  the  radiation  energy  as  a  function  of  the 
direction  of  propagation  is  determined  by  Lambert's  cosine  law,  accord¬ 
ing  to  which  the  energy  quantity  emitted  by  a  diffusely  radiating  sur¬ 
face  in  any  direction  is  proportional  to  the  cosine  of  the  angle  be¬ 
tween  the  direction  of  the  ray  and  the  normal  on  the  surface: 

d(j^(T)~  t- n('i’)d<0o  ><fdF  [keal/hr],  (12) 

where  E^T)  is  the  emissivity  in  the  direction  of  the  normal  to  the 
surface  of  the  body 

/;n(r)-.v-L)c0(rL y  [keal/m  ’  steradians  hr],  (13) 

dcu  is  the  solid  angle  in  steradians;  dF  is  the  element  of  the  radiating 
surface  in  m2. 

A  surface  emits  the  maximum  of  energy  in  the  direction  of  the  nor¬ 
mal  at  cp  =  0;  the  energy  quantity  decreases  with  increasing  angle  cp.  It 
can  be  concluded  from  Eqs.  (10  and  13)  that  the  emissivity  in  direction 
of  the  normal  to  the  surface,  the  so-called  energy  brightness,  is  rr 
times  smaller  than  the  total  emissivity  of  the  body  into  the  hemisphere. 

Strictly  speaking,  Lambert's  law  is  valid  for  the  emission  of  the 
absolute  blackbody  and  in  general  for  bodies  whose  energy  brightness 
does  not  depend  on  the  direction  of  the  radiation.  For  the  diffuse  radi¬ 
ation  of  rough  surfaces,  Lambert's  law  is  valid  up  to  an  angle  cp  ~  70°. 
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A  considerable  deviation  from  the  cosine  law  is  observable  for  polished 
metal  surfaces  at  angles  <P  >  40-90°  where  the  radiation  is  strongly 
polarized  which  causes  an  increase  in  the  radiation  intensity. 

References:  Mikheyev  M.A. ,  Osnovy  teploperedach  [Principles  of 
Heat  Transmission],  3rd  edition,  Moscow-Leningrad,  1956;  Zhukovskiy  V. S. 
Osnovy  teorii  teploperedach  [Principles  of  the  Theory  of  Heat  Trans¬ 
mission],  Moscow-Leningrad,  i960;  Jakob  M. ,  Voprosy  teploperedachi 
[Problems  of  Heat  Transmission],  translated  from  English,  Moscow,  i960; 
GrEber  G. ,  Erk  S. ,  and  Grigull  U. ,  Osnovy  ucheniya  o  teploobmene  [Prin¬ 
ciples  of  the  Heat  Exchange  Theory],  translated  from  German,  Moscow, 
1958;  Kutateladze  S.S. ,  and  Bori chanskiy  V.  M. ,  Spravochnik  po  teplo- 
peredache  [Handbook  on  Heat  Transmission],  Leningrad-Moscow,  1959; 

Planck  M. ,  Teoriya  teplovogo  izlucheniya  [The  Theory  of  Heat  Radiation], 
translated  from  German,  Leningrad-Moscow,  1935;  Landsberg  G. S. ,  Optika 
[Optics],  4th  edition,  Moscow,  1957. 
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THERMAL  SHOCK  —  the  effect  on  a  material  of  a  rapid  temperature 
Increase  (tens  of  hundreds  or  more  degree  per  second)  which  results 
in  deformation  and  failure.  Only  brittle  materials:  ceramics,  glass, 
metal  ceramics,  etc.,  are  destroyed  by  thermal  shock.  Usually  the  fail¬ 
ure  starts  in  the  less  heated  zones  in  which  tensile  stresses  arise; 
individual  cases  shearing  stresses  may  produce  failure  sources  even  in 
the  most  heated  zones. 

Metallic  alloys  extremely  infrequently  fail  by  thermal  shock,  since 
due  to  their  greater  thermal  conductivity,  the  temperature  gradient  is 
substantially  lower  than  that  of  ceramic  materials  and  cannot  cause  a 
tensile  stress  sufficient  for  failure  in  the  less  heated  zones;  on  the 
other  hand,  the  failure  of  metal  in  compression  takes  place  attendant 
to  deformations  which  substantially  exceed  the  possible  thermal  dis¬ 
placement.  Failure  of  metallic  alloys  on  a  rapid  rise  in  temperature, 
which  is  usually  ascribed  to  thermal  shock,  actually  takes  place  not 
at  the  heating  stage,  but  on  cooling.  The  high  heating  rate  is  combin¬ 
ed,  on  thermal  shock,  with  the  short  time  of  duration,  for  which 
reason  only  a  limited  amount  of  heat  is  Introduced  into  the  metal,  and 
due  to  its  high  tnermal  conductivity  it  is  cooled  at  a  rate  which  ex¬ 
ceeds  the  rate  of  heating  frequently  by  an  entire  order  of  magnitude. 
Tensile  stresses  which  arise  on  rapid  cooling  result  in  failure. 

Thermal  shock  is  most  dangerous  for  materials  which  have  a  high 
thermal  coefficient  of  linear  expansion  and  a  low  thermal  conductivity, 
combined  with  low  plasticity  and  high  elastic  modulus.  The  danger  of 
thermal  shock  is  increased  if  the  product  has  cross  sections  with  rapid 
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change^,  holer,,  grooves,  and  other  temperature  stress  raisers.  The 
thermal  shock  Is  also  used  to  denote  the  effect  of  several  heat  cycles 
with  rapid  heating  and  cooling,  but  these  cases  are  more  correctly  con¬ 
sidered  as  a  particular  manifestation  of  thermal  fatigue. 


N.M.  Sklyarov 
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THERMAL  SHRINKAGE.  As  the  temperature  of  solid  bodies  changes,  the 
mean  distances  between  atoms  and  molecules  change.  As  a  result,  thermal 
shrinkage  takes  place  upon  cooling.  In  addition  to  purely  thermal 
shrinkage  a  material  may  sometimes  undergo  shrinkage  at  a  specified 
temperature,  for  example,  in  heat  treatment  (annealing)  in  the  process 
of  which  its  structure  changes.  Shrinkage  also  takes  place  upon  crys¬ 
tallization  and  cooling,  in  particular,  of  molten  metals  and  alloys. 

In  the  process  of  metal  casting  blowholes,  pores  and  voids  are  formed 
upon  cooling.  This  is  due  to  nonuniform  solidification  of  the  metal 
over  the  entire  volume. 

In  another  process  for  forming  solid  bodies  -  vitrification  -  when 
cooling  below  T  ,  the  vitrification  temperature,  the  short  range  struc- 

a 

ture  has  not  enough  time  to  establish  itself,  and  a  structure  corres¬ 
ponding  to  T  is  retained  in  the  amorphous  body.  Thermal  shrinkage  in 
glass  takes  place  only  by  changes  in  the  average  distances  between  the 
particles  in  the  solid  body,  in  liquids  and  melts,  in  addition,  it  also 
takes  place  by  changing  the  short  range  structure  with  a  change  in  tem¬ 
perature. 

Thermal  shrinkage  of  glass  Is  of  great  significance  in  the  glass 
quency  hardening  phenomenon.  In  the  process  of  rapid  cooling  of  soft 
glass  the  temperature  and  thermal  shrinkage  in  various  points  in  the 
specimen  are  different.  Accordingly,  the  temperature  deformations  are 
also  different,  upon  further  cooling  at  T  solidification  does  not  take 

o 

place  uniformly  over  the  gloss  volume,  with  the  result  that  residual  e- 
lastic  stresses  arise  after  temperature  equalization.  In  the  quench 
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hardened  state  the  outside  layers  are  under  compression  and  the  inside 

o 

layers  are  under  tension.  In  addition,  the  different  cooling  rate  of 
the  internal  and  outside  layers  results  in  a  moderate  difference  in  the 
structure  which  is  retained:  a  less  dense  structure  is  retained  in  the 
outside  parts  of  the  specimen,  while  a  more  dense  structure  is  retained 
in  the  inside  parts.  Since  the  factor  responsible  for  quench  hardening 
of  glass  is  thermal  shrinkage,  then  the  degree  of  quench  hardening  is 
proportional  to  the  thermal  glass  shrinkage  coefficient  (or  its  linear 
expansion  coefficient). 

Thermal  expansion  of  plastic  materials  and  rubbers  upon  heating 
and  the  thermal  shrinkage  upon  cooling  are  of  great  applied  importance, 
particularly  in  calculating  the  shrinkage  of  products  produced  by  mold¬ 
ing.  The  table  presents  values  of  linear  thermal  shrinkage  coefficients 
of  the  more  important  materials.  The  highest  thermal  shrinkage  is  pe¬ 
culiar  of  rubbers  (in  comparison  with  metals  it  is  by  a  factor  of  10-20 
greater).  Prom  this  follows  the  necessity  of  calculating  the  shrinkage 
of  rubber  products  in  designing  molds. 

Thermal  shrinkage  is  responsible  for  the  loss  of  airtightness  in 
rubber  sealing  subassemblies  at  low  temperatures.  The  loss  in  the  pack¬ 
ing  properties  takes  place  as  a  result  of  hardening  of  the  rubber  at 
low  temperatures  and  of  a  sharp  difference  in  the  thermal  shrinkage 
coefficients  of  the  metal  and  the  rubber.  The  linear  shrinkage  coeffi¬ 
cient  for  steel  and  rubber  in  the  vitrified  state  differ  by  a  factor  of 
G-7.  As  a  result  of  this,  the  shrinkage  of  rubber  takes  place  at  a  much 
higher  rate  than  the  shrinkage  of  metal,  which  is  precisely  responsible 
for  the  complete  loss  of  airtightness.  Thermal  shrinkage  and  expansion 
are  also  used  as  a  method  for  study  of  vitrification  and  determining 
the  T  of  amorphous  substances,  in  particular  also  of  polymers. 

C; 
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Linear  Shrinkage  Coeffi 
cients  for  Various  Mate 
rials 
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l)  Material;  2)  linear  shrinkage  coefficient  a.  1C*4  (l/° 
iron;  5)  aluminum;  6)  quartz  glass;  7)  glass  (inorganic 
ganic);  9)  rubbers. 


C);  3)  steel;  4) 
);  8)  glass  (or- 
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THERMODIFFUSION  COATINGS  OF  MOLYBDENUM  -  see  Protective  Coating 


of  Molybdenum, 
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iHERMOELASTICITY  -  the  field  of  the  mathematical  theory  of  elas¬ 
ticity  which  is  concerned  with  the  study  of  the  origin,  distribution 
and  magnitude  of  temperature  stresses  in  bodies  governed  by  Hooke's 
law.  In  deriving  the  principal  equations  of  thermoelastic ity  it  is  us¬ 
ually  assumed  that  the  elastic  and  heat  characteristics  are  Independent 
of  the  temperature.  If  the  temperature  of  a  body  is  constant  or  is  a 
linear  function  of  position,  then  no  obstacles  exist  to  thermal  expan¬ 
sion  and  temperature  stresses  (in  a  homogeneous  material)  do  not  arise. 
In  other  cases  the  theory  of  thermoelasticity  shows  that  thermelastic 
stresses  arise  which  are  the  greater,  the  higher  Young’s  modulus,  the 
linear  expansion  coefficient  and  the  temperature  gradient.  The  latter 
usually  Increases  with  an  increase  in  the  wall  thickness,  which  re¬ 
sults  in  a  rise  In  the  thermoelastic  stresses.  Compiessive  stresses 
usually  arise  ir.  those  body  zones  which  are  heated  rapidly  while  ten¬ 
sile  stresses  arise  in  those  body  zones  which  are  rapidly  cooled.  The 
theory  of  thermoelasticity  has  studied  stresses  in  beams,  girders, 
plates,  thin-walled  pipes,  rings,  flexible  plates,  shells  of  revolution, 
etc.  For  local  plastic  deformation,  the  thermelasticlty  equations  must 
be  supplemented  by  thermoplasticity  equations.  For  this  reason  the 
values  of  stresses  according  to  the.moelasticity  turn  out  to  be  on  the 
high  side  in  comparison  with  actual  stresses.  However,  even  in  these 
cases  the  theory  of  thermelasticlty  remains  very  important;  it  is  used 
tc  determine  the  stresses  from  the  tart  cf  the  plastic  deformation. 

References :  Melan,  E.  ar.d  Parkus,  G.  Teraouprugiye  napryazheniya, 

vyzyv ayeayye  rtatricnarnyml  te-.peraturnyml  polyaal  [Thermelastic  Stres¬ 
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ses  Produced  by  Steady-State  Temperature  Field:;],  Translated  from  Ger¬ 
man,  Moscow,  1958;  Kramerov,  A.Ya. ,  Fridman,  Ya.B.  and  Ivanov,  S.A., 
"Atomnaya  energiya"  [Atomic  Energy],  Vol.  8,  Issue  ?,  19^0;  Gatewood, 

B. E. ,  Temperaturnyye  napryazheniya  primenitel'no  k  samoletam,  cnarya- 
dam,  turblnam  i  yadernym  reaktoram  [Temperature  Stresses  in  Aircraft, 
Missiles,  Turbines  and  Nuclear  Reactos],  Translated  from  English,  Mos¬ 
cow,  1959J  Fridman,  Ya.B.  [et  al.],  "Atomnaya  energiya,"  Vol.  10,  Is¬ 
sue  6,  1961. 

Ya.B.  Fridman 
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THERMOELECTRIC  FLAW  DETECTION  METHOD  -  method  based  on  measuring 
the  thermoelectromotive  force  (temf)  which  arises  at  the  point  of  con¬ 
tact  of  the  product  being  tested  and  a  heated  electrode  from  a  preselec¬ 
ted  material.  Thermoelectric  flaw  detection  is  used  for  sorting  of  me¬ 
tals  by  brands,  fcr  determining  the  thickness  of  electrodepos ited  coat¬ 
ings,  the  carburised  layer,  depth  of  decarbonization,  and  also  for  de¬ 
termining  the  content  of  certain  alloy  elements. 

The  basic  design  of  thermoelectric  flaw  detection  instruments  con¬ 
sists  of  a  hot  and  cold  (at  rcor  temperature)  resistance-type  tempera¬ 
ture  detectors  witn  a  galvanometer  connected  between  them.  The  speci¬ 
fied  temperature  of  the  hot  detector  is  maintained  by  a  special  elec¬ 
tric  neater.  When  the  cold  and  hot  detectors  come  into  contact  with 
the  product  under  test,  a  current  is  generated,  the  magnitude  of  which, 
all  ether  conditions  being  equal,  is  determined  by  the  temf,  which,  de¬ 
pends  on  the  chemical  composition  of  the  product  being  tested.  The  mag¬ 
nitude  of  th*»  temf  in  steels  is  highly  influenced  by  the  Si  and  Ai  con¬ 
tents;  Co,  Cr  and  Mo  exert  3  much  lesser  effect.  Before  the  thermoelec¬ 
tric  flaw  det-ue tic.*;  method  is  used  fcr  sorting  of  steels  or  alloys  by 
brands  a  study  is  made  of  the  temf  of  a  large  number  of  components  or 
semifinished  products  from  various  melts,  of  material  subject  to  re¬ 
jection,  in  order  to  establish  the  limits  of  possible  values  of  this 
quantity  fcr  various  brands  under  iifferent  deviations  from  the  chemi¬ 
cal  composition  permitted  by  technical  specifications.  Only  those  al¬ 
loys  car.  b*»  sorted  the  scattering  ranges,  of  the  temf  cf  which  do  not 
overlap.  The  temperature  cf  the  het  detector  is  selected  in  a  manner 
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such  as  to  obtain  the  best  resolution  with  respect  to  the  values  of 
temf  of  actual  materials  which  are  subjected  to  sorting  under  condi¬ 
tions  prevailing  at  the  given  production  unit.  The  hot  detector  can  be 
made  from  one  of  the  materials  to  be  sorted  which  has  a  value  of  the 
temf  which  is  average  in  comparison  with  the  remaining  materials.  In 
this  case  in  the  testing  of  the  given  material  the  instrument's  arrow 
will  be  near  the  zero  position,  and  when  testing  other  materials  it 
will  deflect  through  a  substantially  larger  angle  to  the  right  or  left. 

In  certain  versions  of  thermelectric  instruments  for  metal  sort¬ 
ing  by  brands  use  is  made  of  short-duration  heating  of  the  point  of 
hot  contact.  In  the  given  case  a  specimen  with  known  chemical  composi¬ 
tion  and  heat  treatment  is  clamped  to  the  product  under  test  and  for 
a  shor*  period  of  time  about  1000  amps  of  current  is  passed  through 
the  point  of  contact.  Directly  after  the  current  is  switched  off  the 
specimen  and  the  product  under  test  are  connected  to  a  measuring  in¬ 
strument  (sensitive  magnetoelectric  galvanometer),,  the  indications  of 
which  determine  the  group  to  which  the  product  under  test  belongs. 

This  version  is  most  effective  when  the  clamped  specimen  is  made  from 
one  at  the  materials  being  sorted  with  average  thermoelectric  proper¬ 
ties;  here  the  inspector  snould  take  into  account  not  so  much  the  mag¬ 
nitude  of  the  instrument  arrow  deflection  as  the  sign  of  this  deflec¬ 
tion.  The  use  of  thermoelectric  flaw  detection  to  determine  the  thick¬ 
ness  of  surface  layers  is  possible  in  those  cases  when  the  materials 
of  the  layer  ana  the  base  materials  are  electrically  conductive  and 
differ  substantially  from  one  another  by  their  thermoelectric  proper¬ 
ties  . 

The  magnitude  of  the  temf  which  is  generated  in  the  measuring  cir¬ 
cuit  when  the  hot  detector  is  placed  on  a  coated  product  will  depend 
not  only  on  the  temperature  and  thermoelectric  characteristics  of  the 
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detector  and  material  with  which  the  detector  in  in  contact,  but  al no 
on  the  temperature  at  the  boundary  between  the  coating  and  the  bane 
material  (in  the  region  of  the  hot  detector),  a  well  an  on  the  thermo¬ 
electric  properties  of  the  base  material.  The  temperature  at  thin  bound¬ 
ary  depends  on  the  thermal  conductivity  coefficient  of  the  coating  ma¬ 
terial  and  on  its  thickness;  hence,  when  the  coating,  bane  and  hot  de¬ 
tector  materials  as  well  as  the  hot  detector  temperature  are  stable, 
the  temf  which  is  generated  in  the  circuit  will  be  determined  only  by 
the  coating  thickness.  Thermoelectric  flaw  detection  is  most  effective 
for  measuring  the  thickness  of  thin  coatings  (up  to  20-30  microns), 
when  the  dependence  of  the  temp  is  practically  linear  in  character. 

When  the  thickness  is  increased,  this  relationship  is  no  longer  linear 
and  the  thickness  sensitivity  of  the  temf  drops;  at  thicknesses  higher 
than  0.1  mm  the  measuring  accuracy  becomes  very  low. 

Thermoelectric  flaw  detection  can  be  also  used  for  determining 
the  quality  of  adhesion  of  electrodeposited  coatings  to  the  base  metal, 
and  the  binding  of  bimetal  layers  (when  the  upper  layer  thickness  is 
not  more  than  0. 5-1-0  mm).  In  this  case  the  temf  is  measured  3-5  min¬ 
utes  after  the  hot  detector  has  come  into  contact  with  the  product  un¬ 
der  test,  which  Is  needed  for  establishing  a  steady  thermal  regime  in 
the  region  of  the  section  being  tested. 

The  advantage  of  thermoelectric  flaw  detection  over  other  methods 
consists  in  the  practically  complete  insensitivity  to  the  surface  cur¬ 
vature  of  the  section  being  tested  and  to  the  nearness  of  this  section 
to  the  edge  of  the  product.  The  possibility  of  using  detectors  of  any 
shape  and  with  small  overall  dimensions  makes  it  possible  to  use  this 
method  for  inspecting  diff icultly-accessible  sections  of  products 
(fillet  curve  of  gears,  threading,  holes,  etc.). 

References :  Akimov,  G.V.  and  Pevzner,  L.E. ,  Termoelektricheskiy 
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metod  rassortirovki  staley  po  markam  [Thermoelectric  Method  for  Sort¬ 
ing  of  Steel  by  Brands],  " Informatsionnyy  cbornik  VIAM"  [Information 
Collection  of  the  All-Union  Scientific  Research  Institute  for  Aviation 
Materials],  No.  18,  19^1;  Suvorov,  L.M. ,  Termoelektricheskiy  metod  iz- 
mereniya  tolshchiny  gal' vanicheskikh  pokrytiy  [Thermoelectric  Method 
for  Measuring  the  Thickness  of  Electrodeposlted  Coatings],  in  the  col¬ 
lection:  Defektoskopiya  metallov  [Flaw  Detection  in  Metals],  Moscow, 
1959)  by  the  same  author,  Termoelektricheskiy  metod  kontrolya  kachestva 
stsepleniya  sloyev  bimetalla  [Thermoelectric  Method  for  Inspecting  the 
Binding  Quality  of  Bimetal  Layers],  Ibid;  Nifontov,  A.V.,  Termoelek¬ 
tricheskiy  metod  opredeleniya  glubiny  obequglerozhennogo  slaoya  v 
stalyakh  [Thermoelectric  Method  for  Determining  the  Depth  of  the  Decar- 
burized  Layer  in  Steels],  "ZL,"  No.  1,  193^* 


S.M.  Rozhdestvennyy 
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THERMOMAGNETIC  ALLOYS  —  alloys  used  for  automatic  adjustment  of 
instrument  errors  which  arise  as  a  result  of  changes  in  the  induction 
of  magnets  and  in  the  electrical  resistance  of  coils  due  to  variation:; 
in  the  temperature  of  the  surrounding  medium.  Thermomagnetic  alloys  are 
charterized  by  a  low  Curie  point,  their  magnetic  induction,  as  a  func¬ 
tion  of  climatic  temperature  changes,  varies  almost  linearly  and  many- 
fold  sharper  than  in  permanent  magnet  materials.  For  thermomagnetic 
compensation  the  magnet  of  the  instrument  is  shunted  by  a  thermomagnetic 
alloy,  with  the  result  that  on  changes  in  the  surrounding  temperature 
the  magnetic  flux  is  redistributed  between  the  magnet  and  the  shunt. 

The  dimensions  of  the  shunt  and  the  alloy  properties  are  selected  in  a 
manner  such  that  the  aforementioned  errors  are  compensated  by  changes 
in  the  magnet's  flux.  The  following  are  used  as  thermomagnetic  alloys: 

1)  Calmalloy  (Ni  and  30-40#  Cu),  which  has  a  low  induction;  when  the 
Cu  content  is  40#  it  is  used  in  the  temperature  range  from  —50  to  10°, 
and  when  the  Cu  content  is  30#  it  is  used  in  the  20-80°  range;  2)  Ther- 
malloy  (Fe  and  30#  Ni),  with  an  induction  higher  by  a  factor  of  2-3, 
irreversible  after  cooling  to  —65°  and  very  sensitive  to  variations  in 
the  content  of  Ni  and  admixtures;  3)  compensator  (Fe  and  35#  Ni,  7-12# 
Cr,  0.3#  Si),  little  sersitive  to  composition  variations  and  with  an 
induction  by  a  factor  of  2  higher  than  Thermalloy,  and  by  a  factor  of 
4  higher  than  that  of  Calmalloy;  it,  is  used  for  compensation  in  the 
temperature  range  from  —70  to  70°. 

References :  Zaymovskly,  A.G.  and  Chudnovskaya,  L.  A. ,  Magnitnyye 
materialy  [Magnetic  Materials],  [  3rd  Edition],  Moscow-Lenir.gr«td,  1957 
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(Metally  i  splavy  v  elektrotekhnike  [Metlals  and  Alloys  of  Electrical 
Engineering],  Vol.  1);  Livshits,  B.G. ,  Fizicheskiye  svoystva  metallov 
i  splavov  [Physical  Properties  of  Metals  and  Alloys],  Moscow,  1  'f/j. 

B.G.  Livshits,  A. A  Yudin 
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THERMOMECHANICAL  PROCESSING  OF  METALS  -  ensemble  of  deformation, 
heating  and  cooling  operations,  as  a  result  of  which  the  formation  of 
the  structure  of  a  metallic  alloy  takes  place  under  conditions  of  in¬ 
creased  density  and  corresponding  distribution  of  struccure  imperfec¬ 
tions  which  were  produced  by  workhardening.  Crystal  structure  imperfec¬ 
tions  affect  the  mechanism  and  kinetics  of  phase  and  structural  trans¬ 
formations  attendant  to  heat  treatment.  One  of  the  main  methods  for 
creating  structure  imperfections  is  workhardening.  Hence  it  is  advan¬ 
tageous  to  assemble  into  a  single  production  process  the  plastic  defor¬ 
mations  and  phase  (structural)  transformations.  Thermomechanical  pro¬ 
cessing  of  metals  can  be  used  in  all  the  cases  when  it  is  possible  to 
have:  polymorphic  transformations,  transformations  in  the  solid  solu¬ 
tion  which  are  related  either  to  changes  in  the  solubility  of  one  com¬ 
ponent  in  another  or  by  changes  in  correlation;  structural  changes  at¬ 
tendant  to  plastic  deformation  (creation  of  a  polygonized  structure). 

Thermomechanical  processing  of  metals  is  one  of  the  promising 
methods  for  obtaining  high-strength  metallic  alloys  with  a  sufficient 
plasticity  store. 

In  thermomechanical  processing  of  metals  (of  steel)  which  undergo 
polymorphic  transforms  tio-.s  according  to  the  prevailing  production  pro¬ 
cess  setups,  it  is  customary  to  perform  workharaening  in  the  austenitic 
state  with  immediate  quencning,  in  order  for  the  martensitic  transform¬ 
ation  to  take  place  in  an  alloy  with  an  increased  dislocation  density. 
Since  the  directionality  of  elements  of  the  fine  structure  of  previous¬ 
ly  deformed  austenite  may  affect  the  final  structure  after  quenching, 
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It  is  necessary  to  specify  the  kind  of  deformation  in  the  thermomechan¬ 
ical  processing  of  metals. 

The  temperature  at  which  austenite  should  be  workhardened  should 
be  such  that  this  phase  be  reliably  stable  at  it  and  it  should  ensure 
the  absence  of  recrystallization  at  a  certain  stage  in  its  develop¬ 
ment  (should  exclude  cumulative  recrystallization). 

In  low-temperature  thermcmechanical  processing  of  metals  (N1W0) 
the  workhardening  of  temperature  for  the  starting  austenite  lies  slight¬ 
ly  above  the  martensitic  point.  Another  production  process  setups,  i.e., 
high -temperature  thermomechanical  processing  of  metals  (VTOG)  provides 
for  workhardening  of  austenite  at  temperatures  above  the  critical  point. 

The  following  should  be  noted  in  comparing  the  above  two  processes: 

a)  high-temperature  thercomechanical  processing  of  metals  is  easier 

in  terms  of  the  capabilities  of  production  processes,  in  addition,  the 
heat  of  the  forging  or  rolling  heating  can  be  used;  low-temperature 
thermomechanical  processing  of  metals  provides  for  transfer  of  products 
to  various  furnaces,  performance  of  isothermal  holdings  and  achieving 
workhardening  under  conditions  when  the  austenite  has  an  elevated  re¬ 
sistance  to  plastic  deformation  at  intermediate  range  temperatures. 

b)  Low-temperature  thermomechanical  processing  of  metals  can  be  used 
only  for  steels  with  a  high  austenite  stability,  while  such  limita¬ 
tions  practically  do  not  exist  in  high-temperature  themomechanical 
processing  of  metals,  c)  Low-temperature  thermomechanical  processing 

of  metals  ensures  the  obtaining  of  a  higher  strength  in  connection  with 
the  absence  of  recrystallization  at  the  deformation  temperature;  ini¬ 
tial  recrystallizati  :n  stages  apparently  take  place  in  a  number  of 
cases  under  high-temperature  thermomechanical  processing  of  metals, 
which  results  in  obtaining  lower  strength  values,  but  makes  it  possible 
to  obtain  a  higher  plasticity  store,  which  in  a  number  of  cases  of  the 
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high-strength  state  (sudden  overloads,  complex  stressed  state,  etc.), 
is  of  decisive  importance. 

A  typical  example  of  the  change  of  properties  of  the  37KhM3A  al¬ 
loyed  steel  after  high  and  low-temperature  thermomechanical  processing 
of  metals  is  shown  in  the  figure. 

An  important  feature  of  thermomechanical  processing  of  metals  is 
the  fact  that  an  increase  in  the  plasticity  is  obtained  simultaneously 
with  a  substantial  strength  increase. 

Thermomechanical  processing  of  metals  reduces  the  grain  size  of 
the  starting  austenite  and  increases  the  dispersion  of  martensitic 
crystals,  retains  a  certain  orientation  in  the  location  of  carbides; 
as  the  degree  of  deformation  increases  the  crystal  lattice  defect  den¬ 
sity  is  also  increased. 

The  hardening  produced  by  ti.emomechanlcal  processing  of  methls 
is  stable  in  character,  under  certain  conditions  it  is  retained  after 
secondary  heat  treatment  of  the  alloy  by  special  regimes. 

The  properties  of  thermomechanically  processes  steels  are  repro¬ 
duced  after  softening  high  tempering  and  subsequent  quenching  with 
short-duration  heating  periods.  This  "reversibility”  of  thermomechan¬ 
ical  processing  of  metals  expands  the  possibilities  for  its  utiliza¬ 
tion  and  makes  it  possible  to  use  this  method  for  processing  semifin¬ 
ished  products  at  metallurgical  plants-  The  subsequent  shor  duration 
tempering  makes  It  possible  to  machine  the  metal,  and  quenching  with 
rapid  heating  and  the  low  tempering  make  it  possible  to  obtain  a  high 
starting  strength  and  elasticity  in  components.  The  main  features  of 
the  structure  of  thermomechanically  processed  steel,  which  determine 
the  retention  of  the  hardening  ev»*n  in  the  case  of  subsequent  a  «•  0 
and  0  -*  M  transformation,  are  the  following: 

1.  Retention  of  fine  grained  structure  (if  the  temperature  and 
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Mechanical  properties  of  37KhN3A  steel  after  thermomechanical  process¬ 
ing  in  accordance  to  various  regimes.  High- temperature  thermomechanical 
processing  regime  (o)  involves  heating  to  950-930° ,  deformation  (roll¬ 
ing)#  oil  quenching,  tempering  at  100°  for  2  hours.  The  low-temperature 
thermomechanlcal  processing  of  metals  regime  (A)  involves  heating  to 
950-930°,  cooling  to  470°,  deformation  (rolling),  quenching,  tempering 
at  100°  for  2  hours.  1)  kg/mm2;  2)  ordinary  heat  treatment;  3)  degree 
of  deformation,  %. 


holding  in  subsequent  heating  exclude  the  development  of  cumulative 
crystallization) . 

2.  The  crystallographic  deformation  texture,  which  affects  the 
orientation  in  subsequent  heatings,  particularly  taking  into  account 
retention  of  the  orientational  correspondence  on  transformation. 

3-  Formation  of  a  "dislocation  texture"  which  is  a  nonuniform 
distribution  of  dislocation  density  between  the  possible  crystallograph¬ 
ic  slip  systems,  which  is  determined  by  the  arrangement  cf  the  stress¬ 
ed  state.  The  retention  of  this  "dislocation  texture"  in  the  alpha 
phase  on  heating  to  the  critical  point  is  due  to  the  difficulty  in 
recrystallization  of  two-phase  str  ictures,  and  in  a  -*  y  and  y  -*  M  trans¬ 
formations  it  is  due  to  the  retention  of  the  relative  positions  of 
closely  lying  atoms. 

4.  The  "precipitation  texture"  is  determined  by  the  crystallograph¬ 
ic  texture  (by  means  of  the  orientational  correspondence)  and  the  dis¬ 
location  texture  (due  to  the  nucleating  effect  of  packing  defects).  The 
retention  of  the  "precipitation  texture"  in  subsequent  short  duration 
heating  is  due  to  the  localization  and  nonuniformity  of  decomposition 
within  the  limits  of  the  martensitic  crystals,  as  well  as  by  retention 
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of  the  nonuniform  distribution  of  carbon  and  alloying  elements  in  the 
steel. 

The  rmome  chan  leal  processing:  of  austenitic  heat  resistant  alloys 
can  be  performed  according  to  three  production  process  schemes:  heating 
to  the  quenching  temperature  -*  workhardening  -*  quenching*^  aging;  com¬ 
plete  heat  treatment  cycle,  i.e.,  (quenching  +  aging)  -*  slow  deforma¬ 
tion  (0.2-0. 1%)  at  a  temperature  close  to  the  aging  temperature  hold¬ 
ing  at  the  deformation  temperature  for  20-50  hours;  quenching-*  work 
hardening  -*  agLng. 

The  first  scheme  is  easy  to  achieve,  however,  it  involves  the  dan¬ 
ger  of  intensive  development  of  recrystallization  (including  cumulatle) 
due  to  the  quite  high  deformation  temperature.  The  second  scheme  sub¬ 
stantially  provides  for  polygonizing  treatment.  In  conjunction  with 
the  comparative  complexity  of  this  scheme  difficulties  may  arise  in  the 
processing  of  components. 

The  creation  of  a  stable  submicroscopic  structural  inhomogeneity 
after  thermomechanical  processing  of  metals  according  to  the  third 
scheme  substantially  increases  the  creep  strength,  strength  In  the  com¬ 
plex  stressed  state  and  fatigue  resistance  of  austenitic  heat  resisting 
steels  (table).  This  hardening  is  retained  even  at  elevated  tempera- 

The  Fatigue  Limit  (fi  of 

EI39^  Steel  at  Different 

Temf  eratures 
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1)  (kg/amc);  2)  temperature  (*C);  ')  quenching  from  120C*  «t  for 
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800®  for  Vj  hours;  5)  quenching  from  1200°,  aging  at  700®  for  ’jO  hours; 
6)  quenching  from  1200®,  cold  workhardening  by  20£,  aging  at  700  for 
5  hours. 

tures,  even  slightly  higher  than  the  recrystalllzation  temperature  (un¬ 
der  condition  of  formation  of  so-called  "fine  structures,"  which  are 
responsible  for  the  retention  of  submicroscoplc  inhomogeneity).  In 
thermomechanical  processing  of  metals  according  to  the  scheme  quench 
hardening  -*  workhardening  aging  the  recrystallization  temperature  is 
Increased  in  conjunction  with  the  development  of  poligonization.  Re¬ 
tardation  of  recrystallization  is  due,  in  addition  to  poligonization, 
to  the  effect  of  the  particles  of  the  hardening  phase.  The  higher  the 
dispersion  of  particles  and  the  degree  of  coherent  bounding  between 
them  and  the  mother  metal,  the  higher  the  effective  retardation  cf  re¬ 
crystallization,  which  is  very  impoi tant  for  increasing  the  service 
stability  of  heat  resisting  steels. 

Microstructure  studies  have  shown  that  a  more  uniform  distribution 
of  the  hardening  phases,  which  are  precipitated  not  only  along  grain 
boundaries,  but  also  along  slip  and  twinning  lines,  is  observed  as  a 
result  of  thermomechanical  processing  of  metals.  Such  a  more  uniform 
distribution  of  particles  and  the  stable  retention  cf  sufficiently 
fine  subgrains  upon  secondary  heuting  of  the  deformed  metal  (in  which 
a  poligonization  structure  is  produced)  retards  the  coagulation  of  the 
hardening  phases. 

M.L.  Bernshteyn 
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of  the  nonuniform  distribution  of  carbon  and  alloying  elements  In  the 
steel. 

Thermomechanical  processing  of  austenitic  heat  resistant  alloys 
can  be  performed  according  to  three  production  process  schemes:  heating 
to  the  quenching  temperature  —  workhardening  -*  quenching  -*  aging;  com¬ 
plete  heat  treatment  cycle,  i.e. ,  (quenching  +  aging)  —  slow  deforma¬ 
tion  (0.2-0.  3 %>)  at  a  temperature  close  to  the  aging  temperature  hold¬ 
ing  at  the  deformation  temperature  for  20-50  hours;  quenching-*  work 
hardening  -*  aging. 

The  first  scheme  is  easy  to  achieve,  nowever,  it  involves  the  dan¬ 
ger  of  intensive  development  of  recrystallization  (including  cumulatle) 
due  to  the  quite  high  deformation  temperature.  The  second  scheme  sub¬ 
stantially  provides  for  polygonizing  treatment.  In  conjunction  with 
the  comparative  complexity  of  this  scheme  difficulties  may  arise  in  the 
processing  of  components. 

The  creation  of  a  stable  submicroscopic  structural  inhomogeneity 
after  thermomechanical  processing  of  metals  according  to  the  third 
scheme  substantially  increases  the  creep  strength,  strength  In  the  com¬ 
plex  stressed  state  and  fatigue  resistance  of  austenitic  heat  resisting 
steels  (table),  '’'his  hardening  is  retained  even  at  elevated  tempera- 
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800°  for  l'j  hours;  5)  quenching  from  1200°,  aging  at  700°  for  qO  hours; 
6)  quenching  from  1200®,  cold  workhardening  by  20 %,  aging  at  700  for 
5  hours. 

tures,  even  slightly  higher  than  the  recryctallization  temperature  (un¬ 
der  condition  of  formation  of  so-called  "fine  structures,"  which  are 
responsible  for  the  retentic  of  submicroscopic  inhomogeneity).  In 
theroomechanical  processing  of  metals  according  to  the  scheme  quench 
hardening  -*•  workhardening  -*■  aging  the  recrystallization  temperature  is 
increased  in  conjunction  with  the  development  of  poligonization.  Le- 
tardation  of  recrystallization  is  due,  in  addition  to  poligonization, 
to  the  effect  of  the  particles  of  the  hardening  phase.  The  higher  the 
dispersion  of  particles  and  the  degree  of  coherent  bounding  between 
them  and  the  mother  metal,  the  higher  the  effective  retardation  of  re¬ 
crystallization,  which  is  very  important  for  increasing  the  service 
stability  of  heat  resisting  steels. 

Microstructure  studies  have  shown  that  a  more  uniform  distribution 
of  the  hardening  phases,  which  are  precipitated  not  only  along  grain 
boundaries,  but  also  along  slip  and  twinning  lines,  is  observed  as  a 
result  of  thermomechanical  processing  of  metals.  Such  a  more  uniform 
distribution  of  particles  and  the  stable  retention  of  sufficiently 
fine  subgrains  upon  secondary  heating  of  the  deformed  metal  (in  which 
a  poligonization  structure  is  produced)  retards  the  coagulation  of  the 
hardening  phases. 

M.L.  Bernshteyn 


4086 


III~46t6 


Manu¬ 

script 

Page 

No. 


[Transliterated  Symbols] 


=  NTMO  =  nizkotemperaturnaya  termomekhanicheskaya  obra- 
botka  metal lov  =  low-temperature  thermomechan¬ 
ical  processing  of  metals 

=  VTMO  =  vysokotemperaturnaya  termomekhanicheskaya  obra- 
botka  metallov  =  high-temperature  thermomechan¬ 
ical  processing  of  metals 
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THEHMOMECHANICAL  TEST  OF  PLASTICS  -  is  the  determination  of  the 
effect  of  temperature  and  time  on  the  deformation  of  plastics  caused  by 
a  given  load.  The  thermomechanical  test  of  plastics  is  carried  out  by 
the  following  methods  (see  the  Table  on  page  330). 

The  temperature  at  which  a  fixed  deformation  is  reaches,  serves  to 
characterize  the  heat  resistance  of  plastics  in  methods  1,  2,  3,  and  4. 
Thermomechanical  curves,  having  in  the  case  of  thermoplasts  the  follow¬ 
ing  shape  (Fig.  1),  are  drawn  by  methods  5-8.  The  deformation  e  is 
plotted  on  the  ordinate,  and  the  temperature  on  the  abscissa.  The  de¬ 
formation  depends  on  the  heating  rate  and  the  action  time  of  the  load: 
the  smaller  the  heating  rate  at  a  continuously  acting  load  or  the 
longer  the  action  time  of  the  load  the  greater  the  deformation.  Heated 
hard  and  brittle  plastics  passes  from  the  vitreous  state  into  the  hy¬ 
perelastic  state  in  which  the  soft  and  elastic  plastic  is  capable  of 
great  reversible  deformations.  The  temperature  at  which  this  transition 


occurs  is  termed  the  vitrification  temperature  Tg  or  the  softening 
point. 


Irreversible  deformations  develop  in  the 
plastic  beginning  with  the  yield  temperature  T^, 
when  the  temperature  is  raised  further:  the  plas- 


Fig.  1.  tic  passes  into  the  viscousfluid  state,  in  which 


flow  occurs.  It  is  especially  important  to  know 


the  value  of  T^  for  the  molding  of  objects.  The  thermomechanical  curve 
of  thermosetting  plastics  usually  has  the  following  shape  (Fig.  2).  The 
deformation  changes  insignificantly  with  rising  temperature  up  to  the 
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destruction  temperature  Tr  at  which  point  the  destruction  of  the  polymer 
sets  in.  The  height  of  the  curve  changes  depending  on  the  degree  of 
crosslinking,  and  this  fact  permits  the  evaluation  of  this  degree. 


Fig.  2. 


TABLE 


V 


Jtroa  ticnwramm 

iiKA  ae<fropM.*nmi  oOpa.i- 

Ita,  BPJIMMHH-'I  llpllKJI.l- 
aubhpmoiI  iiarpy  aw  ii 
g  Tim  iiar|tyiia>iin;i 

CKOpOPTfc 

nojiHfifenitn 

TCMiiCpaTypu 

p  {.  l>oo  vir) 

'i>niii  np)i> 
M.lll  IV- 
4>OpMBUIM 
(Ml.") 

1 .  Maproiica  E 

llarnC  imiirojii.iiud;  F 

2.  A  STM  fl-048 

G 

3.  linn, 1 1 

50  jk.*cjii’;  itcni)€|ii.i>iiioe 
HaniG  AByxnimpiioil  Ga.i- 
jr  Kli;  4, ft  II Jill  W  r.u’; 

rl  lie upepbutiioc  . . 

BaaB-iiiBamir  nit.  in  u.ti-a 
tr  npoiiuui  KJ  i  »ju’;  b  n.  in 
>*•  1  ncii|icpMiiiiiie  .  .  . 

lUnn.'IIIB.IMIIC  lll.lplliu  r 

50 

G 

f  L’0 

<J  .  > 

4.  VIv'ypKOBa  L  ? 

.lO 

1 

4 

*1  =  5  i  «;  jim  ni'CT- 

5.  Iiaprmia  (an- 

noe . 

Otiaiiir;  u.ii"—  1 .5  i.  •<•••!*; 

p  as 

o.s 

ihiMOMrrpMMe- 

O  AllC|{|K.*TIIOC . 

I’M.ICi'limillfT- 

OlHMRCTCft 

CIII1C  BCCU) 

C.  IlcTJimia  R 

S 

'»l 

T>|Hiail  II.IO- 

l.pUBOll 

P.icthvciiiic  ii  cii.anic; 

T 

0.UU2— u,2  ncii|.i- 

u 

7.  Kniaima  W 

pMftiinc . 

CaBiir;  n.l—  <>,.t  n 

IV  >.••  '  .ii1;  .ui(  i:|'VTii'ic  ii 

rain  t«  ii 

’ll)  a:n 

8.  -lasypuMKa  X 

iieupcpMHHoc . 

ll.iiiB.m  ho  ii  no  iiii.'tniMpa 
n.iomanMo  |  .«.«»;  i 

aO 

* 

AMCHpetlloC . 

HuacpliinarT- 

«»l  T*'  MIM*|i«t« 

Typll.lM  11.  Mb 
nta.map 

• 

A)  Testing  method;  B)  kind  of  deforma¬ 
tion  of  the  specimen,  magnitude  of  the 
applied  load,  and  type  of  loading;  C) 
rate  of  the  temperature  rise;  D)  fixed 
deformation  (mm);  E)  Martens;  F)  canti¬ 
lever  bending;  50  kg/cm2;  continuous; 

G)  D-648;  H)  bending  of  a  beam  resting 
on  two  supports;  4,  6,  or  18. 5  kg/cm2; 
continuous;  I)  Vicat;  K)  impression  of 
a  cylinder  with  an  area  of  1  mm2;  5  or 
1  kg;  continuous:  L)  Zhurkov;  M)  impres¬ 
sion  of  a  ball  with  d  =  -j  mm;  1  kg;  dis¬ 
crete;  N)  Kargin  (dynamometric  balance); 
0)  compression;  0.07-1.5  kg/cm2;  dis¬ 
crete;  P)'  a  temperature  Dlateau  is  held; 
Q)  a  curve  is  plotted;  r)  Tsetlin;  S) 
stretching  and  compression;  0.002-0.2 
kg;  continuous;  T)  varying;  lH  the 
same;  V)  Lazurkin;  W)  impression  of  a 
cylinder  with  an  area  of  1  mm2;  1  kg; 
discrete. 
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References!  Kargin  V.A.,  Slonimskiy  G.L.,  Kratkiye  ocherki  po 

fisiko-khimli  pollmerov  [Short  Essays  on  the  Physical  Chemistry  of  Poly, 
mers],  Moscow,  i960. 
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THERMOPLASTICS  -  polymers  and  polymer-bar.e  material  a,  which  are 
characterized  by  the  fact  that  upon  heating  they  melt,  after  which 
they  solidify  upon  cooling,  retaining  the  :;ame  properties  as  before 
heating.  The  heating  and  cooling  process,  can  be  repeated  again  and 
again. 

Thermoplastics  have  a  linear  or  branched  out  molecular  structure. 
The  mechanical  properties  of  thermoplastics  are  determined  by  their 
chemical  composition  and  the  physical  structure. 

A  distinction  is  made  between  amorphous  and  crystalline  thermoplas¬ 
tics.  In  the  light  of  present-time  conceptions  about  the  polymer  struc¬ 
ture,  the  macromclecular  structural  unit  of  an  amorphous  polymer  is 
the  so-called  packet,  i.e.,  strictly  directed  location  of  molecular 
chains  which  can  be  short-  and  long-range.  Long-range  packets  given  a 
more  dense  packing  of  macromolecules  and  produce  the  crystalline  state. 
When  tne  location  of  side  groups  of  the  polymer  in  the  packet  is  not 
strictly  regular,  a  gascrystalline  structure  is  formed.  When  the  poly¬ 
mer  is  strictly  stereoregular,  maximum  molec.lir  packing  density  is  ob¬ 
tained  in  the  packets  and  the  polymer  attains  a  crystalline  structure. 

The  following  types  of  crystalline  polymeric  structures  are  in 
existence:  microcrystalline  (crystal lizatio.o  iri  packets),  spherolites 
(combination  of  packets  into  more  complex  supramolecular  structures, 
i.e.,  strips,  planes,  etc.)  and  .-Ingle  crystals  (monocrystsls) . 

Among  the  amorphous  thermoplastics  are  polystyrene,  polyacrylate, 
polyvinylchloride,  among  crystalline  thermoplastics  are  polyethylene, 
polyamides  and  fluorine  plastics.  Amorphous  polymers  have  a  specific 
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limiting  temperature,  near  which  they  gradually  soften.  Here  the  elas¬ 
ticity  and  shear  moduli  drop  sharply.  At  temperatures  higher  than  this 
the  amorphous  materials  become  plastic  and  are  easily  molded  into  pro¬ 
ducts  by  pressure  casting,  injection  molding  and  extrusion. 

Crystalline  polymers,  which  due  to  their  ability  to  partially 
crystallize,  melt  in  a  narrow  temperature  range,  are  processed  in  the 
same  manner  as  amorphous  thermoplastics.  The  plasticity  of  thermoplas¬ 
tics  is  increased  by  adding  plasticizers  to  the  plastic  material.  Li¬ 
quid  and  crystalline  low-molecular  compounds  (derivatives  of  organic 
and  phosphorous  acids)  are  used  as  plasticizers.  Plastif ication  can  be 
performed  also  by  compolymerization  or  inoculation  (addition  of  side 
groups,  which  improve  the  plasticity  of  the  plastic  material). 

In  designing  machine  components  from  thermoplastics,  the  dependence 
of  their  strength  on  the  temperature  must  be  thoroughly  taken  into  ac~ 
count. 

References;  Kargin,  V.A.  and  Slonimskiy,  G. L.  Kratkiye  ocherki  do 
fizikokhimii  polimerov  [Briefs  Outlines  of  the  Physical  Chemistry  of 
Polymers],  Moscow,  i960;  Kozlov,  P.V. ,  Metody  issledovaniya  plenochnykh 
materialov  [Methods  for  Studying  Film  Materials],  "PM,"  No.  10,  page  4, 
1961. 

N. P.  Gashnikova 
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THERMOPLASTICS  -  polymers  and  polymer-base  materials,  which  are 
characterized  by  the  fact  that  upon  heating  they  melt,  after  which 
they  solidify  upon  cooling,  retaining  the  same  properties  as  before 
heating.  The  heating  and  cooling  process,  can  be  repeated  again  and 
again. 

Thermoplastics  have  a  linear  or  branched  out  molecular  structure. 
The  mechanical  properties  of  thermoplastics  are  determined  by  their 
chemical  composition  and  the  physical  structure. 

A  distinction  is  made  between  amorphous  and  crystalline  thermoplas¬ 
tics.  In  the  light  of  present-time  conceptions  about  the  polymer  struc¬ 
ture,  the  macromolecular  structural  unit  of  an  amorphous  polymer  is 
the  so-called  packet,  i.e. ,  strictly  directed  location  of  molecular 
chains  which  can  be  short-  and  long-range.  Long-range  packets  given  a 
more  dense  packing  of  macromolecules  and  produce  the  crystalline  state. 
When  the  location  of  side  groups  of  the  polymer  in  the  packet  is  not 
strictly  regular,  a  gascrystalline  structure  is  formed.  When  the  poly¬ 
mer  is  strictly  stereoregular,  maximum  molec  .lar  packing  density  is  ob¬ 
tained  in  the  packets  and  the  polymer  attains  a  crystalline  structure. 

The  following  types  of  crystalline  polymeric  r*ructures  are  in 
existence:  microcrystalline  (crystallization  in  packets),  spherolltes 
(combination  of  packets  into  more  complex  supramolecular  structures, 
i.e.,  strips,  planes,  etc.)  and  .  inr'.e  crystals  (monocrystals). 

Among  the  amorphous  thermoplastics  are  polystyrene,  rclyacrylate, 
polyvinylchloride,  among  crystalline  thermoplastics  are  polyethylene, 
polyamides  and  fluorine  plastics.  Amorphous  polymers,  have  a  specific 
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limiting  temperature,  near  which  they  gradually  soften.  Here  the  elas¬ 
ticity  and  shear  moduli  drop  sharply.  At  temperatures  higher  than  this 
the  amorphous  materials  become  plastic  and  are  easily  molded  into  pro¬ 
ducts  by  pressure  casting,  injection  molding  and  extrusion. 

Crystalline  polymers,  which  due  to  their  ability  to  partially 
crystallize,  melt  in  a  narrow  temperature  range,  are  processed  in  the 
same  manner  as  amorphous  thermoplastics.  The  plasticity  of  thermoplas¬ 
tics  is  increased  by  adding  plasticizers  to  the  plastic  material.  Li¬ 
quid  and  crystalline  low-molecular  compounds  (derivatives  of  organic 
and  phosphorous  acids)  are  used  as  plasticizers.  Plastif ication  can  be 
performed  also  by  compolymerlzation  or  inoculation  (addition  of  side 
groups,  which  improve  the  plasticity  of  the  plastic  material). 

In  designing  machine  components  from  thermoplastics,  the  dependence 
of  their  strength  on  the  temperature  must  be  thoroughly  taken  into  ac~ 
count. 

References:  Kargin,  V.A.  and  Slonimskiy,  G.L.  Kratkiye  ocherki  po 
fizikokhimii  polimerov  [Briefs  Outlines  of  the  Physical  Chemistry  of 
Polymers],  Moscow,  i960;  Kozlov,  P. V. ,  Metody  issledovaniya  plenochnykh 
materlalov  [Methods  for  Studying  Film  Materials],  "PM,"  No.  1C,  page  4, 
1961. 

N.  P.  Gashnikova 
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THERMOSETTING  PLASTICS  ("  REACT0PLA5TICC"  )  -  polymer.':  which  become 
plastic  upon  initial  heating  and  then  become  .-.olid,  infusible  and  in¬ 
soluble.  The  solidification  of  tl  e rmosetting  plastics  is  Irreversible, 
i.e.,  upon  secondary  heating  they  do  not  become  plastic,  but  remain 
solid  up  to  the  decomposition  temperature.  This  is  due  to  the  fact 
that  before  heating  the  individual  macromolecules  of  the  polymer  are 
not  bound  chemically  to  one  another,  while  upon  heating  they  combine, 
are  cross-linked  and  form  a  reticular,  space  str  cure.  Of  great  impor¬ 
tance  is  the  depth  of  solidification,  i.e.,  the  number  of  transverse 
bounds  which  is  formed.  The  more  transverse  bounds,  the  more  rigid  the 
molecular  lattice  and  the  stronger  the  material  w> ich  is  obtained.  How¬ 
ever,  very  deep  cross-1 inkage  results  in  a  complete  loss  of  elasticity 
and  in  the  appearance  of  brittleness;  the  der th  of  solidification  also 
affects  the  aging  processes  in  thermosetting  plastics.  New  chemical 
counds  may  form  by  functional  groups  of  the  main  molecular  chain  as 
well  as  by  introducing  special  cross-linking  substances.  Thus,  for  ex¬ 
ample,  phenolic  resins  are  solidified  by  methylol  groups  of  the  main 
chain,  while  polyester  resins  are  solidified  h.  addition  of  cross  link¬ 
ing  substances  such  as  styrene,  methylmethacrylate,  etc.  The  hardening 
process  is  exothermic,  and  the  initial  .heating  is  only  needed  tc  start 
the  reaction.  Methods  have  been  elaborate:  *<  >  clidylng  thermosetting 
resins  without  heating  by  using  ratal!  ts. 

Most  extensive  use  in  the  production  <f  thermosetting  plastics  is 
made  cf  f henolformaldehyde,  carbamide,  rclyester  and  epoxy  resins,  and 
also  their  modifications.  These  resins  are  obtained  by  condensation 
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polymerization.  In  the  production  of  molding  compounds  the  condensa¬ 
tion  polymerization  process  is  not  continued  to  the  end,  it  ends  in 
the  die  when  molding  the  products.  Resins  combined  with  various  poly¬ 
mers  (rubber,  polyvinylchloride,  polyvinylacetals,  etc.),  retain  their 
thermosetting  nature  and  take  on  additional  properties  which  are  char¬ 
acteristic  of  the  modifying  polymer,  i.e.,  elasticity,  resilience, 
impro^d  chemical  resistance,  etc.  The  combination  takes  place  in  the 
prv  of  resin  production  and  making  the  products. 

Resins  in  the  pure  form  are  very  Infrequently  used  for  obtaining 
thermosetting  plastics,  as  a  rule  they  are  used  for  Impregnating  fil¬ 
lers  such  as  powders  (sawdust,  ground  quartz,  mica),  fibers  (linters, 
asbestos,  glass  fiber,  wood  veneer),  laminates  (paper,  cotton  and  glass 
fabrics).  The  fillers  are  used  for  increasing  the  strength,  improving 
the  heat  resistance,  chemical  resistance  and  other  properties.  For  ex¬ 
ample,  asbestos  fiber  imparts  to  the  materials  increased  heat  resist¬ 
ance,  high  friction,  dielectric  and  heat  insulating  properties.  Ther¬ 
mosetting  plastics  which  contain  graphite  are  distinguished  by  good 
thermal  and  electrical  conductivity  and  antifriction  properties.  Glass 
fiber  filled  thermosetting  plastics  have  high  mechanical  strength.  A 
great  effect  on  the  properties  of  thermosetting  plastics  is  exerted  not 
only  by  the  kind  of  the  filler,  but  also  by  its  quantity,  orientation 
and  degree  of  dispersion. 

Depending  on  the  kind  of  binder  (resins)  and  fillers,  various 
kinds  of  thermosetting  plastic;-  are  obtained. 

Molding  compounds,  laminated  plastics,  glues  and  coatings  primar¬ 
ily  for  technical  use,  with  good  phy s icoaeehan ica 1  and  dielectric  pro¬ 
perties,  which  are  easily  molded  into  products  are  obtained  by  using 
phenol formaldehyde  resins.  These  materials  resist  the  effect  of  atmos¬ 
pheric  factors,  are  capable  of  operation  lr.  any  climatic  zones.  In- 
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eludin''  the  topical  and  polar  zone:.,  and  tro  one  of  the  cheaper, t  kinds 
of  plastics.  Their  use  in  consumer  product:;  i:.  limited,  since  they  can 
be  colored  only  in  dark  colors  and  are  not  suitable  for  food  storage. 
Phenol  and  modified  phenol  resin  based  /'lues  serve  for  cementing  metals, 
rubber,  fluorine  plastics,  capron  and  other  nonmetallie  materials. 

Carbamide  resins  are  used  as  bases  in  the  production  of  molding 
compounds,  fiber  and  decorative  laminated  plastics.  The  latter  are 
easily  colored  into  light  shades,  are  harmless  arid  are  used  extensive¬ 
ly  for  consumer  goods  as  well  as  for  storing  foods.  In  oarticular, 
urea-based  molding  compounds  are  less  resistant  to  atmospheric  effects 
and  water  than  phenol  plastics,  while  melamine-based  molding  compounds 
have  a  good  resistance  to  water  and,  unlike  phenolic  molding  compounds, 
have  a  good  resistance  to  electric  arc  discharges.  Urea  resins,  in  ad¬ 
dition,  are  used  as  glues  and  impregnating  materials,  while  modifield 
resins  are  used  as  metal  and  wood  varnishes. 

Polyester  resins  are  used  for  making  cold  and  hot  drying  varnishes 
for  wood  and  metal  and  for  the  production  of  reinforced  plastics  (glass 
plastics).  Products  with  large  overall  dimensions  (bodies  of  automotive 
vehicles,  ship  hulls,  etc.)  can  be  moiaed  from  polyester  glass  plas¬ 
tics  by  the  contact  method. 


Epoxy  resins,  due  to  the  presence  cf  '•'poxy  groups  at  the  ends  of 
the  aacromulecular  chain  and  hydroxyl  grou;  in  th*»  links,  have  excel¬ 
lent  adhesion  and  good  dielectri-  properties.  They  are  strong,  elastic, 
resistant  to  light,  the  solidification  shrinkage  of  epoxy  resins  as 
varnishes ,  glues,  as  sealing  and  melding  eomrounds,  laminated  plastics, 
metal  stamping  dies,  etc. 

Thermosetting  plastics  are  made  1-  to  : red  .ets  by  direct  molding, 
pressure  -anting,  extrusion  and  contact  molding.  The  latter  method  is 
used  for  making  rrcd.-cts  with  large  overall  dimensions  from  glass  plas- 
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tics.  Pipes  and  tubular  products  are  made  from  these  glass  plastics  by 
the  winding  method.  Products  from  laminated  plastics  are  produced  by 
machining.  Direct  molding,  which  is  achieved  in  special  dies  on  hydraul¬ 
ic  presses  has  come  into  the  most  extensive  use  in  the  production  of 
thermosetting  plastics.  This  process  is  determined  by  three  parameters: 
molding  temperature,  specific  pressure  and  the  time  the  products  are 
held  in  the  die.  The  above  parameters  depend  on  the  kind  of  the  mold¬ 
ing  compound  and  the  configuration  of  the  product.  To  increase  the 
molding  productivity  and  improve  the  product  quality,  the  molding  com¬ 
pounds  are  preformed  and  heated  by  high-frequency  currents,  etc. 

Pure  and  modified  epoxy  and  phenolformaldehyde  resins  are  used  as 
bases  for  various  glues  (BP-2,  BP-4,  ED-6,  VK-32-EM,  EF-9,  etc.),  which 
ensure  high  strength  and  the  glued  joint 

References:  Losev,  I.P.  and  Trostyanskaya,  Ye.B. ,  Khimiya  sinte- 
ticheskikh  polimerov  [Chemistry  of  Synthetic  Polymers],  2nd  Edition, 
Moscow,  1964;  Bilmeyer,  E. ,  Vvedeniye  v  khimiyu  i  tekhnologiyu  poli¬ 
merov  [Introduction  to  the  Chemistry  and  Technology  of  Polymers], 
Translated  from  English,  Moscow,  1958. 

M.S.  Krol',  S.M.  Perlin 
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THERMOVYL  —  see  Polyvinylchloride  Fiber. 
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THEORY  OF  FRACTURE  —  physical,  mechanical-mathematical,  structur- 
al,  and  physicochemical  explanations  of  the  mechanism  of  mechanical 
Fracture.  These  explanations  have  not  as  yet  been  sufficiently  inter¬ 
related  and  have  often  developed  in  isolation.  It  is  necessary  to  dis¬ 
tinguish  the  theory  of  the  origin  of  fractures  from  that  of  their 
propagation.  In  1920  Griffiths  proposed  a  theory  to  explain  the  frac¬ 
ture  of  brittle  (almost  wholly  elastic,  of  the  glass  type)  bodies  con¬ 
taining  initial  defects.  According  to  this  theory,  propagation  of  a 
crack  is  accompanied  by:  1)  a  rise  in  energy  proportional  to  the  in¬ 
crease  in  free  surface;  2)  a  decrease  in  the  elastic  energy  of  the 
body.  Griffiths’  basic  equation,  o  =  j/  ,  relates  the  strength  of  a 
brittle  body  to  its  surface  tension  T,  the  maximum  length  of  the  de¬ 
fect  or  crack  2c,  and  the  modulus  of  elasticity  E.  This  theory  holds 
that  a  crack  remains  stable  and  does  not  propagate  if  6  is  below  its 
critical  value.  When  6  reaches  a  certain  ("critical")  value  the  rate 
at  which  the  elastic  energy  stored  In  the  cracked  specimen  is  libera¬ 
ted  exceeds  the  rate  at  which  energy  is  absorbed  by  formation  of  the 
new  fracture  surface.  Cracking  is  then  virtually  instantaneous  and 
propagation  is  unrestricted,  leading  to  complete  failure  of  the  body. 
Although  Griffiths'  theory  of  fracture  fails  to  take  into  account  the 
kinetics  of  the  fracture  process  and  many  other  factors,  it  served  as 
the  basis  for  further  study  of  brittle  strength  and  was  extended  by 
Orowan  and  Irwin  to  the  semibrittle  fracture  of  metals  by  substituting 
the  energy  P  expended  in  the  plastic  deformation  of  a  thin  layer  near 
the  surface  for  the  surface  tension  T.  The  value  of  T  (~10^  ergs/cm2) 
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is  three  orders  of  magnitude  (-1000  times)  greater  than  that  of  T 
(~10^  ergs/cm2).  Mott  broadened  Griffiths'  theory,  taking  into  account 
the  role  of  kinetic  energy,  and  demonstrated  that  the  maximum  fracture 
rate  is  a  definite  fraction  (usually  about  40-50$,  but  never  more  than 
60$)  of  the  speed  of  a  longitudinal  sound  wave  in  the  material  (i.e., 
0.6*5000  m/sec,  or  -3000  m/sec,  for  iron  and  aluminum).  Subsequent  math¬ 
ematical  theories  of  fracture  (Irwin  and  G. I.  Barenblat  for  elastic 
bodies  and  L.M.  Kashanov  et  al.  for  viscous-elastic  bodies),  just  as 
many  physical  theories,  consider  the  propagation  rather  than  the  forma¬ 
tion  of  cracks.  In  contrast  to  hollows  (which  vary  little  in  shape, 
even  when  there  are  considerable  changes  in  loading),  cracks  can  be 
greatly  enlarged  by  even  small  changes  in  loading.  The  edges  of  a 
crack  are  assumed  to  converge  smoothly  (Fig. )  and  mathematical  theor¬ 
ies  of  fracture  consider  there  to  be  adhesive  forces  near  its  ’’apexes" 
both  within  the  body  and  over  portions  of  the  crack  contour.  Assumption 
of  this  crack  shape  produce  a  functional  value  for  the  stresses  near 
the  apex  of  a  crack  which  conformed  more  closely  to  experimental  re¬ 
sults  than  the  implausibly  high,  sometimes  infinite  stresses  calcula¬ 
ted  for  bodies  containing  cracks  with  pointed  ends.  The  methods  of  elas¬ 
ticity  theory  have  been  used  principally  to  study  equilibrium  cracks. 

A  stress  body  containing  such  cracks  is  in  equilibrium  so  long  as  the 
load  does  not  exceed  its  critical  ("fracture")  value. 


Shape  of  the  end  of  an  equilibrium  crack. 

It  was  shown  in  19^0  that  crack  propagation  is  initiated  far  ear¬ 
lier  (with  respect  to  time,  loading,  and  total  deformation)  than  com¬ 
plete  failure.  Thus,  a  body  may  not  only  retain  its  strength  after 
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cracks  have  developed  and  begun  to  propagate,  but  may  become  even 
stronger  for  a  certain  time. 

The  theory  of  Dislocations  has  been  used  in  working  out  physical 
theories  of  brittle,  prolonged  static,  and  fatigue  fracture.  It  is  as¬ 
sumed  that  cracks  arise  when  dislocations  are  displaced  as  a  result  of 
interaction  of  the  force  fields  surrounding  them  or  of  concentration 
of  stresses  in  the  dislocation  zone.  The  stress  required  to  cause 
cracking  increases  as  grain  size  decreases.  After  a  crack  has  develop¬ 
ed  its  propagation  is  governed  by  the  ratio  of  the  energy  supplied  to 
the  area  near  the  apex  of  the  crack  (from  the  stressing  system,  e.g. , 
the  test  machine,  and  from  the  regions  of  the  body  bordering  the 
crack)  to  that  absorbed  in  the  propagat’on  of  the  crack,  in  the  forma¬ 
tion  of  the  new  surfaces  in  the  fracture  and  in  adjacent  cracks,  in 
structural  changes  near  the  fracture,  in  dissipation  of  heat,  etc. 

All  other  conditions  being  equal,  a  crack  selects  the  direction 
of  greatest  energy  supply  (for  example,  in  fracture  involving  Tearing 
of  surfaces  perpendicular  to  the  directions  of  greatest  tension)  and 
least  energy  absorption  (for  example,  in  brittle  regions  of  the  body). 
In  some  cases  cracks  propagate  in  the  shortest  directions  (along  geo¬ 
desic  lines,  along  spirals,  cross  sections,  or  genetrices  in  cylindri¬ 
cal  specimens,  along  the  arcs  of  great  circles  in  spherical  vessels, 
etc.).  For  theories  of  fracture  which  take  account  of  the  corrosive 
and  adsorptive  influence  of  the  surrounding  medium  see  Corrosion  fa¬ 
tigue  and  Reblnder  effect.  Consideration  of  structural  transformations 
should  play  a  large  role  in  theories  of  fracture,  since  the  majority 
of  materials  (many  alloys,  plastics,  etc.)  undergo  material  structural 
alterations  during  fracture. 

References:  Drozdovskiy,  D.A.  and  ^ridman,  Ya.B. ,  Vliyaniye  tresh- 
chln  na  mekhanlchesklye  svoyst'  a  konstruktsionnykh  staley  (Influence 
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of  Cracks  on  the  Mechanical  Proportion  of  structural  Stool.".  |#  Moscow, 
iy60;  Barenblatt,  G.I.,  Ztil’M  i  TF  [Journal  of  Applied  Mechanic::  and 
Technical  Physical,  1961,  No.  4;  Kachanov,  L.M.,  PM  1  M  { Applied  Math¬ 
ematics  and  Mechanics  I,  I90I,  Vol.  25,  No.  3,  Ratner,  S.I.,  Prochnost* 
i  plastichnost'  metallov  [Strength  and  Plasticity  of  Metals],  Moscow, 
19^9;  DAN  S3SR  [Proc.  Acad.  Sci.  USSR  1 ,  1/1,  Vol.  139,  No.  1;  VjC2, 
Vol.  144,  No.  2;  1904,  Vol.  159,  Ho.  3;  Indenbom,  V.L. ,  Orlov,  A. N. , 
Fizicheskaya  teoriya  plasticlmosti  i  prochnosti  [A  Physical  Theory  of 
Plasticity  and  Strength  j Uspokhi  fiz.  nauk"  [Advances  in  the  Physical 
Sciencesj,  1962,  Vol.  IP ,  No.  3,  page  997;  Irwin,  G. ,  in  book:  Hand- 
tn.ch  der  Phycik  [Handbook  of  Physics-,  Voi.  o,  3erlin,  r»3o;  Griffith, 
A. A. , "Philos.  Trans.  Roy.  Soc.  London  A,"  1920,  Vol.  221,  page  if/ : 
Cottrell,  A.H.,  in  book:  Fracture.  Proceedings  of  an  Internationa : 
Conference  on  the  Atonic  Mechanisms  of  Fracture  Held  in  Swamp scott, 
Massachusetts,  April  12-16,  1)59,  Sew  York— London,  1)5  S  See  also  truv 
References  to  the  articles  entitled  Dislocations,  Rebinder  effect,  an: 
Corrosion  fatigue. 
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THINNED  GLASS  TEXTOLITE  -  a  laminated  plastic  obtained  by  press¬ 
ing  or  forming  fiberglass  cloth  impregnated  with  synthetic  resins.  Glass 
cloth  with  a  standard  weave,  of  the  "false  open-weave,"  curtain,  or  tri¬ 
cot  types,  is  used  in  the  manufacture  of  thinned  glass  textolite.  Modi¬ 
fied  phenol-formaldehyde  (VFT),  modified  siliccorganic  (VPC-3),  epoxy 
(EF32-301),  and  other  resins  are  employed  as  binders.  In  some  cases  a 
frothing  agent  is  added  to  the  binder,  so  that  the  spaces  between  the 
glass  filaments  are  completely  or  partially  filled  with  the  froth  bin¬ 
der.  It  is  possible  to  obtain  textolites  of  this  type  with  a  density  of 
0. 4-1.3*  as  well  as  with  a  variable  density  and  various  physicomechani- 
cal  and  electrical  characteristics.  Thinned  glass  textolite  of  varying 


Ultimate  strength  of  RST-T  glass  textolite  (at  200°);  1)  On  extension; 

2)  on  bending,  a)  kg/cm2. 
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density  is  obtained  by  pressing  glass  cloth  of  varying  coarseness  at  a 
constant  pressure  or  by  pressing  glass  cloth  with  a  constant  weave  un¬ 
der  varying  pressure.  These  materials  usually  bear  facing  layers.  In 
certain  cases,  these  layers,  which  are  virtually  insensible  to  mechanl- 
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cal  loads  and  have  no  marked  influence  on  the  dielectric  looses  and  di¬ 
electric  permeability  of  the  glass  plastic,  serve  to  Increase  the  mois¬ 
ture  and  water  resistance  of  the  material.  Tcxtollteo  of  this  type  arc- 
used  as  light  fillers  between  high-strength  facing  layers.  The  mechani¬ 
cal  characteristics  of  type  RST-T  /lass  textollte,  which  is  based  on  a 
tricot  glass  cloth  and  VFT  binder  with  a  bulk  weight  of  0.3-0. 4  g/cm^, 
are  shown  in  the  figure.  The  tabl<  shows  the  dielectric  characteristics 
of  glass  textollte  based  on  EF32-301  binder  as  a  function  of  density. 

Thinned  glass  textolites  are  used  for  radio-engineering  and  struc¬ 
tural  products. 


B.  A.  Kisele  v 
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THIN  PLASTIC  COATINGS  -  coatings  applied  to  metal  sheets  (surfac¬ 
es)  and  components.  They  are  elastic,  sufficiently  strong,  and  heat- 
and  electrical -Insulating,  have  high  anticorrosion  characteristics,  and 
make  It  possible  to  produce  components  of  varying  configuration  by  deep 
drawing,  bending,  stamping,  machining,  and  spot  and  seam  welding;  they 
can  be  used  to  obtain  a  ribbed  (figured)  surface.  Polyamides  and  cer¬ 
tain  other  types  of  films  have  good  antifriction  characteristics.  Plas¬ 
tic  films  0.2-0. 5  mm  thick  are  applied  to  steel,  aluminum,  and  magnesi¬ 
um  sheets  (0.4-1. 5  mm  thick  and  100-1700  mm  wide).  The  coating  thick¬ 
ness  can  vary,  but  should  not  exceed  0.2-0. 3  mm  for  steel  and  aluminum 
1  mm  thick.  Plastic  coatings  can  be  applied  to  one  or  both  sides.  When 
one  side  is  coated  the  other  is  generally  phosphated  or  plated  with 
zinc  (with  copper,  nickel,  or  chromium  in  some  cases).  Various  patterns 
can  be  impressed  on  the  coating  when  it  has  cooled.  Polyvinyl  chloride 
is  the  most  common  coating,  polyethylene,  polyamides,  polyester  resins, 
and  cold-  and  hot-setting  epoxy  resins  being  employed  less  frequently. 
In  some  instances  soot  or  dyes  are  added  to  the  plastic.  Epoxy  coatings 
adhere  very  well  to  metals  without  special  treatment.  In  most  cases 
epoxy  resins  are  applied  by  atomization,  multilayer  coatings  being  pos¬ 
sible.  Coatings  of  epoxy  and  polyester  resins  are  most  frequently  used 
in  the  paint  industry,  in  construction,  and  in  electronics.  Coating 
metals  with  a  polyethylene  film  makes  them  resistant  in  aggressive  me¬ 
dia  and  gives  them  good  electrical-insulating  characteristics.  Polyure¬ 
thanes  are  employed  for  coating  wood,  metallic,  and  concrete  surfaces 
(television  and  radio  receivers  and  furniture),  as  well  as  computer  and 
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automobile  components.  Plastic-coated  rolled  sheets  are  used  in  various 
branches  cf  Industry  as  a  sheathing  material  and  in  the  manufacture  of 
wall  panels,  pipe,  ventilators,  machinery,  machine  components,  radio 
and  television  cabinets,  various  containers,  measuring  instruments, 
tanks,  refrigerators,  milking  machinery,  luggage,  and  computer  and 
automobile  components.  Plastics  can  be  applied  to  these  materials  by 
various  methods:  a  common  procedure  Ls  application  of  a  cold  polyvinyl 
chloride  film  to  a  prepared  heated  metal  surface  coated  with  a  birder 
underlayer.  Plastic-lined  metal  pipes  are  used  as  substitutes  for*  pipes 
of  stainless  steel  and  rcnferrous  metals  and  alloys;  plastic  lining  in¬ 
creases  the  service  life  and  reduces  the  cost  of  technological  pipe¬ 
lines  intended  for  transporting  various  aggressive  media.  Plastic  coat¬ 
ing  is  employed  in  tne  automobile,  electronics,  furniture,  construc¬ 
tion,  and  foodstuffs  industries,  various  types  of  light  industry,  anu 
the  building  of  conveyor  machinery. 


Ya.D.  Al'shlt 
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THIOKOL  -  polysulfide  rubber  product  obtained  by  condensing  dihal¬ 
ogen  derivatives  of  organic  compounds  with  sodium  polysulfides.  Thio- 
kol  is  produced  on  the  Industrial  scale  in  the  USSR,  USA,  England, 
Polish  People's  Republic  in  the  form  of  solid  and  liquid  rubber,  latex 
materials  and  powders.  The  individual  brands  of  thiokol  produced  in 
the  USSR  and  abroad  are  denoted  by  letters  and  differ  from  one  another 
by  the  starting  composition,  consistency  and  properties.  Thiokol  is 
produced  in  Japan  under  the  commercial  names  of  "tic:iite!'  and  "tica- 
tol" ;  in  Belgium  it  is  produced  under  the  name  "etanlt." 

Thiokol  has  a  specific  smell,  which  is  due  to  the  presence  cf 
low-molecular  dithioles  and  cyclical  compounds.  Thiokol  brands  pro¬ 
duced  at  present  have  a  very  weak  smell.  The  specific  gravity  cf  Thie- 
kol  is  1. 32-1.41.  Thiokol  does  not  readily  dissolve  in  the  majority  of 
ordinary  solvents,  it  has  a  better  solubility  in  carbon  sulfide  and 
cluhloroethane.  Solid  Thiokol  is  subjected  to  uhemical  plasticization 
on  rolls  in  the  presence  of  benzctr.iazclesulf ide  wit:  a  moderate  amount 
of  dlphenylgu&nldine  or  ether  compounds  wnicn  are  used  as  vulcanisa¬ 
tion  accelerators  for  ordinary  rubbers,  for  example.  A I  tax  or  Cap tax. 
Usually  up  to  "C  parts  by  weight  cf  sine  exide  is  added  as  the  vulcan¬ 
izing  agent,  oxides  and  peroxide,  cf  metals  and  organic  oxidizers 
( polynit robenze Is ,  benzoyl  peroxide,  etc.)  can  be  used.  Benzoic  acid 
or  sulfur  serve  as  accel  raters  for  the  vulcanization  of  TMcko! .  Li¬ 


quid  Thiokol  is  vulcanized  by  lead  peroxide  (  -!'  parts  by  weight). 


which  is  usually  introduced  in  tr  *  form  cf  a  past**  in  dlbutylphthalate 


with  a  moderate  amount 


stearic  acid.  The  duration  of  vulcanization 


III-55tl 

of  the  mixture:-,  with  lead  peroxide  at  room  temperature  1;.  ;i''  hour:;. 
Liquid  Thiokol  is  usually  subjected  to  cold  vulcanization.  Cumene  hy¬ 
droperoxide,  pure  or  with  an  activating  agent,  usually  dipheny  1  guani- 
dine,  is  also  used. 

Semia  tive  and  gar.  blacks,  as  well  as  zinc  oxide  are  used  as  fill 
ers.  To  improve  the  filler  uistribution  and  prevent  the  sticking  of 
the  mixtur  e  to  rolls,  >0. 5-1.0  parts  by  weight  of  stearic  acid  is  addeu 
The  vulcanization  time  of  typical  mixtures  at  141°  is  40-50  minutes. 

No  vulcanization  shrinkage  is  observed  in  liquid  Thiokol. 

The  most  valuable  properties  of  Thiokol  rubbers  is  their  extre.m»- 
ly  high  resistance  to  solvents.  The  swellinr  of  Thiokol  rubbers  which 
were  held  for  a  montr.  in  various  solvents  at  room  temperature  is  (f  by 
volume):  O.s  in  lubricating  oil,  2.y  in  acetone,  1.0  in  gasoline, 

3.0  in  a  gasoline-benzol  mixture  (sv:2C),  33*0  in  benzcl,  25.0  in  ker¬ 
osene,  1.3  in  methul  alcohol,  10.0  In  carbon  tetrachloride.  Thiokc. 
rubbers  have  a  high  gas  impermeability,  which  exceeds  the  i.mpermeaM  1  - 
ity  of  butyl  rubbers,  a  goou  aging  ar.d  ozone  resistance.  Thiokol  ml  - 
bers  are  not  affected  by  water,  alee:. cl'  and  diluted  acids.  Ccncer.t ra¬ 
ted  acids  and  alkalis  destroy  Thiokc..  Thickoi  rubbers  retain  t-r  •*  1  r 
elasticity  at  temperatures  up  to  — —  0 ,  and  some  new  brands  <  *’ 

Thickcl  rubber  are  elastic  u:  tc  —  The  heat  resistance  of  t:  *  ma¬ 
jority  of  Thickcl  rubber  brands  does  net  exceed  -7  * ,  indivluun: 
cent  Thickcl  :  rands  .  cerate  at  temperatures  up  to  IV*.  The  sielrst: 


constant  cf  Thickcl  •-..brers.  is  .  iielectri 


r  1 1  sse.:  si.  ef  f  1 i  , 


specific  electrical  resistivity  l.1  -  if  t  hm-cm.  The 
mechanical  :  report ie.-  cf  7hi<  •  »  1  r.u  t-e»-  are  .  m.parat ive  1  y  moderate : 


the  modulus  is  - 

1  '  •<g/c-  .  re-.i» 


■f  elongation;  is  ■  -‘ T  kg  v.mf  ,  tensile  strength 


,-*»  f' .  c  n.-ft  *.  I  <7. 


■  '  < ,  re.  i  s-ual  elcnoati  n  . 


rebe  .r.  :  elastic  i*  . 


A  S-..V  star.tlai  shortcoming  cf  Tr.i-kcl  sub 
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bers  is  the  very  low  abrasion  resistance  (the  abrasion  of  carbon  black 
vulcanizers  is  3000-1800  cnrVkw-hc ur) ,  and  also  moderate  dynamic  pro¬ 
perties  A  substantial  shortcoming  of  Thiokol  fo:  certain  fields  of 
application  is  its  cold  flowabilit.y.  Due  to  the  high  resistance  to 
’ight,  oxygen  and  ozone  aging  Thiokol  is  used  for  making  various  ozone 
and  light  resistant  products,  for  improving  the  production  properties 
of  divinylnitrile  rubber  mixtures.  Cements  and  pastes  from  liquid  Thio¬ 
kol,  which  are  used  for  hermetizing  fuel  compartments  in  aircraft,  of 
prefabricated  structural  designs  in  plant  and  ciul  construction,  are 
most  extensively  used.  Liquid  Thiokol  is  used  for  making  products  by 
pressure  castings  (flexible  molds),  cold-vulcanizing  putties  and  coat¬ 
ings,  which  are  used  for  protecting  metals,  including  magnesium  and 
aluminum,  from  corro  ion.  Thickol-base  latex  materials  are  used  primar¬ 
ily  for  coating  of  underground  gasoline  stoarage  facilities,  concrete 
tankers  and  steel  vessels  which  are  used  for  storing  raw  petroleum. 
Powder  Thiokol  is  used  for  storing  raw  petroleum.  Ponder  Thiokol  is 
used  for  gas  flame  co  ng  of  steel  and  bronze  components  of  sea-going 
vessels,  which  e3.iminates  corrosl-r  produced  by  cavitation  and  elec- 
trolitic  reaction  between  different  metals.  Gas  flame  Thiokol  coatings 
are  used  for  protecting  sea  water  pipelines,  and  also  the  supports  and 
plates  of  low-pressure  condensers. 

References ;  Sinteticheskiy  kauchuk  [Synthetic  Rubberj,  edited  by 
G.S.  Withbie.  Translated  from  English,  Leningrad,  1057;  Borodina,  I.V. 
and  Nikitin,  A.K. ,  Tekhnichskiye  svoystva  sovetskikh  sinteticheskikh 
kauchukov  [Technical  Properties  of  Soviet  Synthetic  Rubbers],  Leningrad- 
Moscow,  1952. 

I.V.  Borodina 
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THKEAi)  —  a  twisted  filament  obtained  from  compa rative] y  short  fi¬ 
bers  by  a  spinning  process.  Thread  can  be  uniform  (cotton,  wool,  linen 
or  silk)  or  mixed  (semiwoolen,  consisting  of  wool  and  cotton  or  of  wool 
containing  a  staple  fiber,  wool  with  lavsan  or  caprone  added,  cotton 
and  caprone,  etc.).  It  can  be  produced  from  first-run  fiber  or  from 
textile-production  wastes  (combings,  refuse,  bindings).  Vicugna  thread 
is  produced  from  cotton  waste  with  a  small  amount  of  wool  waste  added. 

We  can  distinguish  thread  for  cloth  manufacture,  for  tricot  production, 
for  sewing  thread,  for  cord  and  rope,  for  fishnets,  etc. ,  which  differ 
in  appearance,  physieomechanical  characteristics,  and  processing  method. 
The  thread  used  for  the  warp  in  cloth  production  should  be  stronger  and 
smoother  than  that  used  for  the  woof,  which  should  be  softer  and  more 
porous.  The  appearance  and  stiffness  of  thread  depends  to  a  substan¬ 
tial  extent  on  the  manner  in  which  it  is  twisted;  a  more  slanted  twist 
is  used  for  tricot  production  than  for  the  warp  threads  in  cloth  manu¬ 
facture.  Threat  for  sewing-thread  manufacture  should  have  a  high  ten¬ 
sile  strength  and  be  highly  uniform  with  respect  to  diameter.  Threat 
can  be  single-filament  or  consist  of  several  twisted  filaments  (twist¬ 
ed  thread).  The  fineness  of  a  t  iread  is  characterized  by  its  metric 
number,  the  ratio  of  its  length  in  meters  to  its  weight  in  grams;  the 
higher  its  metric  number,  the  finer  is  the  thread.  Twisted  thread  of 
single  filaments  of  the  same  number  is  designated  by  a  faction  whose 
numerator  represents  the  metric  number  of  the  filaments  and  whose  de¬ 
nominator  represents  the  number  of  threads  of  this  metric  number. 

Thread  No.  12/6  is  produced  from  6  twisted  strans  of  thread  No.  12. 
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The  metric  number  of  a  twisted  thread  is  approximately  equal  to  that  of 
a  single  stran  divided  by  the  number  of  strann,  i.e.,  2  in  the  illus¬ 
tration  above.  The  metric  number  of  cord  produced  from  No.  37  cotton 
threat  twisted  in  5  and  then  3  strans  is  37: (5*3)  «  2.p. 

Depending  on  the  spinning  system,  the  following  types  of  thread 
are  produced:  1)  equipment  thread  in  comparatively  low  metric  numbers 
from  short  fibers  and  commercial  waste;  2)  corded  thread  in  low  and 
medium  metric  numbers;  3)  combed  thread  in  high  metric  numbers  from 
long  fibers.  Thread  is  produced  in  coarse  and  finished  forms.  The  fol¬ 
lowing  types  of  cotton  thread  are  manufactured:  coarse,  mercerized 
(cold-treated  under  tension  with  a  concentrated  alkali  solution  in  or¬ 
der  to  give  it  a  luster,  increase  its  strength,  and  make  it  more  elas¬ 
tic),  uniformly  dyed,  and  composite  (spun  from  cotton  strans  dyed  dif¬ 
ferent  colors  or  from  a  mixture  of  dyed  and  coarse  cotton).  Depending 
on  its  finish,  wool  thread  can  be  classified  as  uniformly  dyed  or 
bleached.  Linen  thread  is  produced  in  coarse,  boiled,  bleached,  and 
dyed  forms.  Silk  thread  can  be  boiled  or  uniformly  dyed.  Thread  should 
exhibit  the  following  characteristics,  depending  on  its  purpose:  fine¬ 
ness,  uniformity,  strength,  elasticity,  and  moisture  content. 

The  basic  characteristics  of  thread  (strength,  fineness,  elonga¬ 
tion)  vary  with  its  moisure  content.  Before  testing  thread  is  generally 
held  under  standard  conditions  (a  relative  humidity  of  65  ±  5$  and  a 
temperature  of  20  ±  3°)  in  order  to  give  it  a  normal  moisture  content. 

S.Ye.  Strusevich 
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TIME  FUNCTION  OF  STRENGTH  -  the  relationship  between  time  to  frac¬ 
ture  (service  life)  and  the  constant  applied  .stress  (usually  tensile). 
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1)  Material)  2)  sec;  3)  mm  /kg;  4)  polymethylmethacrylate;  5)  aluminum; 
6)  zinc;  7)  diacetate;  8)  nitrocellulose  (photographic  film). 

The  temporal  strength  function  of  solids  is  a  special  case  of  Fatigue 
of  materials.  This  function  is  characteristic  of  all  solids  and  is  gov¬ 
erned  by  the  character  of  fracture,  which  is  an  activated  process  in¬ 
volving  formation  and  propagation  of  microcracks  under  the  action  of 
thermal  movement  and  stress.  The  time  function  of  strength  was  first 
established  for  silicate  glasses.  For  metals,  plastics,  inorganic 
glasses,  and  fibers  not  subject  to  surface-active  or  chemically  active 
influences  the  temporal  strength  function  is  expressed  by  the  equation: 

t  i.-”  (1) 

where  i  is  the  service  life,  c  is  the  tensile  stress,  and  A  and  a  are 
constants  dependent  on  temperature.  The  table  shows  the  values  of  the 
constants  A  and  a  for  different  mateiials  at  20°. 

Equation  (1)  is  valid  over  a  broad  temperature  range,  while  the  co¬ 
efficients  A  and  a  vary  uniformly  with  temperature  and  the  service-life 
curves,  when  plotted  on  semllogarlthmic  coordinates,  form  a  family  that 
radiates  in  the  shape  of  a  "V"  from  a  single  point  (Fig.  1)  correspond¬ 
ing  to  o  =  The  lower  the  temperature,  the  steeper  is  the  slope  of 
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the  line  and  the  less  pronounced  is  the  temporal  strength  function.  At 
low  temperatures  (ordinary  temperatures  for  high-melting  metals  and 
200°  or  below  for  plastics)  the  loading  time  has  virtually  no  influence 
on  the  fracture  stress  and  fracture  fails  to  occur  at  all  c  <  ckr  so 
long  as  the  material  is  not  stressed.  This  justifies  introduction  of 
the  concept  of  ultimate  strength  c[tr  for  certain  materials.  At  higher 
temperatures  the  ultimate  strength  is  the  maximum  technical  strength 
realizable  at  maximum  loading  speeds.  Under  all  other  conditions 
strength  testing  of  components  or  specimens  is  characterized  by  three 
constants:  c^,  A  and  a.  If  the  structure  of  the  material  is  altered 
during  testing  simple  linear  relationships  are  no  longer  observed  (Fig. 
1).  This  results  from  a  change  in  coefficients,  especially  the  struc¬ 
ture-sensitive  constant  a,  with  stress  and  time.  The  coefficient  a  de¬ 
pends  to  a  large  extent  on  the  structure  of  the  material;  for  example, 
a  varies  linearly  with  the  square  root  of  the  grain  size  in  polycrys¬ 
talline  specimens. 


Fig.  1  Fig.  2 


The  time  function  of  strength  for  soft  rubbers  does  not  follow 
the  rule  expressed  in  Eq.  (1),  but  can  be  roughly  represented  by  the 
formula: 

t  no-*.  (2) 

where  0  is  calculated  for  the  true  specimen  cross-section;  the  constant 
B  depends  on  the  temperature,  while  n  is  independent  of  it.  Caoutchouc¬ 
like  polymers  fall  into  a  special  category.  As  their  intermoleculcr  ln- 
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teractlon  (cross-bonding,  polarity,  packing)  increase  their  temporal 
function  gradually  approximates  to  the  exponential  "elationchip  .:hown 
by  Eq.  (1),  which  is  characteristic  of  solids.  One  of  the  reasons  for 
the  special  form  of  the  temporal  strength  function  for  ceoutchouc-1 ike 
polymers  is  their  ability  to  undergo  molecular  orientation  or,  extension, 
which  leads  to  a  change  in  the  structure-sensiti  e  coefficient  a.  Eq. 

(1)  is  not  valid  for  materials  exposed  to  chemically  active  or  surface- 
active  agents.  For  example,  silicate  glasses  in  air  (a  humid  atmos¬ 
phere  is  a  surface-active  medium)  are  described  by  Holland  and  Turner' s 
equation: 

T  (3) 

Figure  2  shows  the  temporal  strength  function  of  silicate  glass  in 
air  (1)  and  in  a  vacuum  (2).  As  the  stress  0  increases  the  initial  pro¬ 
pagation  rate  of  fracti re -Inducing  cracks  rises  and  the  molecules  of 
the  active  agent  cannot  follow  the  spreading  cracks  and  influence  frac¬ 
ture.  As  the  stress  increases  there  is  a  shift  from  the  temperal 
strength  function  in  the  medium  in  question  to  that  in  a  vacuum.  At 
stresses  close  to  the  critical  ckr  the  influence  of  the  medium  disap¬ 
pears. 

References :  Zhurkov,  5.N. ,  VAN  SSSR  [Herald  of  the  Academy  of  Sci¬ 
ences  USSR  ,  ldgy.  No.  11;  Bartenev,  G.M.,  UKh  [Advances  in  Chemistry], 
I9b5,  Vo.  2k ,  No.  7;  Bartenev,  G.M.,  Gul',  V  Ye.,  Zh.  V~es.  khim.  c-va 
[Journal  of  the  All-Union  Chemical  Society],  l:H5l,  Vol.  6,  No.  k. 

G.M..  Bartenev 
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TIME  TO  FAILURE  of  a  loaded  specimen  is  estimated  by  the  time  from 


the  Instant  of  stress  application  to  the  instant  of  complete  breaking 
up  of  the  specimen  into  parts  (brittle  failure)  or  its  loss  of  the 
carrying  capacity  (for  example,  when  subjected  to  a  buckling  load)  or 
its  loss  of  the  carrying  capacity  (for  example,  when  subjected  to  a 
buckling  load);  under  repeated  alternating  loads  it  is  estimated  by 
the  number  of  cycles  to  failure.  The  time  to  failure  of  a  given  mater¬ 
ial  consists  on  the  kind  of  stressed  state,  the  surface  finish,  etc.; 
in  certain  cases,  the  time  to  failure  determined  under  one  test  regime 
can  be  calculated  for  another  test  regime  (see  Creep  Strength). 

G.  M.  Bartenev 
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TIN  BABBITT  -  a  tin -based  alloy  for  lining  bearings.  DOST  1320-55 
describes  two  types  of  high-tin  babbitts,  B89  and  B83,  which  are  recom¬ 
mended  for  use  in  heavily  loaded  bearings  (Table  1). 


TABLE  1 

Chemical  Composition  of  Tin  Babbitt  (OOST  1320-55) 


2  X*M».eCKH»  COCTIB  (\) 
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Cumm 
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Cu 

Sn 

Fe 
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0.55 

E83  .  § .  . 
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5, 5-6. 5 

*  7 

0,1 

o.t 

0.03  | 

0.35 

| 

0.05 

0.55 

*  The  Pb  content  of  B83  babbitt  can  be  raised  to  0.5# 
on  request. 

l)  Alloy;  2)  chemical  composition  (#);  3)  total  im¬ 
purities;  4)  impurities,  no  more  than;  5)  B89;  6) 

B83;  7)  remainder. 


Fig.  1.  Influence 
of  antimony  and 
copper  content  on 
the  hardness  of 
tin  babbitts  at 
normal  and  elevat¬ 
ed  temperatures: 

1)  105S  Cu;  2)  6 # 
Cu;  3)  3#  Cu.  a) 

kg/mm  . 


0H  8 


Fig.  2.  Influence 
of  antimony  and 
copper  content  on 
the  durability  of 
tin  babbitts  (at 

20*10°  cycles):  1) 
10#  Cu;  2)  6#  Cu; 
3)  3#  Cu.  a) 

p 

kg/mm  . 
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TABLE  2 

Meohanlcal  Characteris¬ 
tics  of  Tin  Babbitts 
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1)  Alloy;  2)  extension;  3)  kg/mm2;  4)  compression;  3)  shrinkage  (#);  6) 
kg-m/cm2;  7)  B89;  8)  B83. 


TABLE  3 

Physical  Characteristics 
of  Tin  Babbitts 
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l)  Alloy;  2)  g/cm^;  3)  solidification  temperature;  4)  '  ti^n;  5) 

completion;  6)  cal/cm*sec* °C);  7)  coefficient  of  friction  with  lubrica¬ 
tion;  8)  wear  (mg/cm2*km) ;  9)  B89;  10)  B83. 


TABLE  4 

Technological  Charuoterls- 
tics  of  Tin  Babbitts 


I.IUUI 

|  .'lit  Mr  Sham 

^  Ksa*»  1%)  J 

JKm  \  T^M* 
«#rs  n.  <c-*8> 

.3. 

4 

.1  ...» 

a 

HB3 

..  i? 

1 

1)  Alloy;  2)  linear  shrinkage  {%);  3)  flowablllty  (cm);  4)  B89;  5)  B83. 
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Antimony  In  concentrations  of  up  to  7*5#  dissolves  In  tin  to  form 
a  solid  solution.  At  higher  antimony  contents  crystals  of  a  0-solid  so¬ 
lution  with  a  cubic  shape  appear  in  the  alloy.  Tin  dissolves  only  a 
small  quantity  of  copper.  A  eutectic  consisting  of  almost  pure  copper 
and  a  small  amount  of  a  copper-tin  compound  (Cu^Sn^)  crystallizes  at  a 
Cu  content  of  1%.  Both  alloys,  B89  and  B83,  have  the  same  structure  and 
consist  of  crystals  of  a-  and  B-solid  solutions  of  antimony  in  tin  and 
of  copper-tin  compounds.  In  the  form  of  fine  needles  and  eutectics,  but 
they  differ  in  their  content  of  solid  0  and  CugSiij.  crystals. 

In  B89  alloy,  which  has  a  lower  antimony  content,  these  crystals 
are  smaller  and  the  alloy  has  a  lower  hardness  and  a  higher  plasticity 
(Table  2).  B83  alloy  has  a  higher  fatigue  resistance.  Increasing  the 
antimony  and  copper  contents  of  babbitt  raises  its  hardness  at  both 
normal  and  elevated  temperatures  (Fig.  1)  and  increases  its  fatigue  re¬ 
sistance  (durability)  (Fig.  2). 

Tin  babbitts  differ  little  in  their  coefficient  cf  friction  and 
other  physical  characteristics  (Table  3).  Their  wear  resistance,  how¬ 
ever,  rises  with  their  copper  content.  Table  4  shows  the  technological 
characteristics  of  tin  babbitts. 

Tlr.  babbitts  are  used  for  lining  the  bearings  of  steam  engines, 
turbocompressors,  turbopumps,  compressors  with  powers  of  more  than  500 
ho,  the  diesel  engines  of  locomotives  and  ships,  marine  and  stationary 
steam  engines  with  powers  of  more  than  1200  hp,  electric  motors  with 
powers  of  more  than  750  kw,  and  generators  with  powers  of  more  thar.  500 
kw.  Both  alloys  similar  In  composition  to  those  employed  in  the  USSR 
and  alloys  of  different  composition  are  used  abroad.  A  distinctive  fea¬ 
ture  cf  standard  German  alloys  is  the  presence  of  lead  ir.  certain  types 
containing  more  than  80£  tin.  In  the  USA  and  the  German  Federal  Repub¬ 
lic  babbitts  with  high  antimony  and  copper  contents  (up  to  8.5-10JK)  are 
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used  for  power-turbine  bearings  and  similar  components. 

References:  Spravochnlk  mashlnostroltelya  [ Machine -Builder 's  Hand 
book],  2nd  Edition,  Vol.  2,  Moscow,  1966;  Spravochnlk  metalllsta  [Met¬ 
alworker's  Handbook],  Vol.  3,  Books  1-2,  Moscow,  1959;  Shpagln,  A. I., 
Antifriktsionnyye  splavy  [Antifriction  Alloys],  Moscow,  1956. 

O.Ye.  Kestner 
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TIN  BRONZE  -  ar»  alloy  cf  copper  and  tin,  as  well  as  more  complex 
copper-tin  alloys  with  phosphorus,  lead,  zinc,  nickel,  and  other  ele¬ 
ments  added.  Tin  bronzes  have  high  strength  and  elasticity,  good  plas¬ 
ticity  and  corrosion  resistance  (Table  1),  and  high  antifriction  char¬ 
acteristics  (wear  resistance).  The  strength  and  hardness  of  these  met¬ 
als  increases  with  their  tin  content,  but  their  plasticity  decreases 
(see  Figure).  Alleys  containing  up  to  3%  3n  or  with  other  elements  add¬ 
ed  are  consequently  used  for  pressure  working  (Table  2).  Alloys  with 
high  tin  contents  (up  to  20%)  are  used  only  in  the  cast  state  (Table 
3).  Tin  bronzes  exhibit  liquid  flow,  readily  fill  the  casting  form,  and 
have  a  low  volumetric  shrinkage,  which  makes  it  possible  to  obtain  com¬ 
plex  castings  with  sharp  transitions  from  thin  to  thick  cross-section. 
Tin  bronzes  are  employed  in  shape  and  artistic  casting  (see  Casting 
bronze)  and  are  used  in  the  form  of  a  secondary  metal  (see  Secondary 
bronze).  These  alloys  are  easily  welded  and  soldered,  are  nonmagnetic, 
and  do  net  spark  when  struck.  ?x*essure-wcrkable  tin  bronzes  containing 
up  to  6%  tin  have  the  structure  of  a  homogeneous  solid  solution.  Tin 
casting  bronzes  containing  larger  amounts  of  tin  have  a  two-phasi 

structure  with  inclusions  of  hard,  brittle  6 -phase  crystals  (Cu-,3n ,). 

31  d 

Tin  bronzes  with  high  tin  contents  (IC-gOjl)  are  employed  for  especially 
critical  component s .  The  ccr.pcsi.ior.  and  characteristics  of  these  al¬ 
loys  are  specified  by  special  TV;  J.3T  613-50  includes  alleys  contain¬ 
ing  an  average  of  --5*  Or.. 

Addition  cf  phosphor;;.-  to  t  ir.  bronze  reduces  the  region  occupied 
by  the  solid  solution  cf  tin  in  copper  and  promotes  an  increase  In  the 
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TABLE  1 

Mechanical  Characteristics 
of  Certain  Tin  Bronzes 
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1)  Characteristic;  2)  BrOF  6. 5-0. 4;  3)  cast  in  chill  molds;  4)  de¬ 
formed;  5)  soft;  6)  hard;  7)  BrOTsS  4-4-4;  8)  soft  deformed;  9)  Kg/mm^ 


TABLE  2 


Chemical  Composition  of  and  Types  of  Semifinished 
Products  Produced  from  Pressure -Workable  Tin  Bronzes 


2 

X HMII8CCKH11  C<XT,1B  (%) 

TT - 

- 

Cn.iSB 

1 

u  apyrite 
bjicmchtu 

ror.T 

BMau 

Sn 

p 

Cu 

h.ih  Ty 

noji>(J>a0|ijiKaTOB 

6kpO<P  7-0,2 

6-8 

0,1-0,25 

-  1 

T 

OCTilJtb- 

14 

UMry 

IIpyTKM  16 

»i  oe 

lit, '.'-4  1 

jBpOO  6,50.15 

6-7 

0. 1-0,2'. 

— 

13  15 

;  rocr 

1  5017—40 

HpyTKH.  no-iorw,  i 
.ichtu  -*• 

Qr.pO<P  6,5  0.4 

6-7 

0,3-0, 4 

— 

» 

roci 

5n  1  7  —  49 

.'IriirM,  npoiio.ioKi 

9BpOH  4  0.25 

3 . 5-4 

0,2-0. 3 

— 

» 

roci 

50  17-4') 

JIPHTH,  TpyfiKII 

10EpOU  4  3 

3,5-4 

— 

2, 7-3, 3  Zn 

» 

rod 

5017—40 

IIpyTKM,  no.mcN, 
.icNTM.  npuno.^K., 
Iln.lOtbl.  .1CMTM  2  C 

llBpOUC  4  4-2,5 

3-5 

— 

3.5  Zn. 

» 

rocr 

1  .3-9.5  Pb 

5017-49 

■^2BP°aC  4-4-4 

3-5 

;»-3  Zn. 

9. 5-4. 5  Pb 

I1MTV 

513-41 

M 0.10C  W.  .1C MTU 

21 

1)  Alloy;  2)  chemical  composition  {%);  3)  other  elements;  4)  COST  or 
TU;  5)  types  of  semifinished  products;  6)  BrOF7-0.2;  7)  BrOF6. 5-0. 15; 
8)  BrOF6. 5-0.4;  9)  Br0Ts4-0.25;  10)  BrOTs4-3;  11)  BrOTsS4-4-2. 5;  12) 
BrOTsS4-4-4;  13)  remainder;  14)  TsMTU;  15)  GOST;  16)  bars;  17)  bars, 
strips,  bands;  18)  bands,  wires;  19)  bands,  tubes;  20)  bars,  strips, 
bands,  wire;  21)  bands,  strips. 


amount  of  6-phase  in  its  structure.  A  new  phase,  a  phosphide  (Cu^P), 
appears  when  the  phosphorus  content  exceeds  0.3#*  Phosphorus  gives  tin 
bronze  liquid  flow  and  raises  its  strength,  hardness,  and  antifriction 
characteristics.  Pressure— workable  bronzes  contain  no  more  than  0.  4*  P 
while  casting  bronzes  contain  up  to  1#  P. 
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TABLE  3 

Chemical  Composition  and  Applications  of  Tin  Casting 
Bronzes 
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1)  Alloy;  2)  chemical  composition  {$);  3)  other  elements;  4)  GOST  or 
TU;  5)  application;  6)  BrOTsSN  3-7-5-1;  7)  BrOTsS  3-12-5;  8)  BrOTsS  5- 
5-5;  9)  BrOTsS  6-6-3;  10)  BrOTsS  4-4-1  f;  11)  BrOTsS  3*  5-6-5;  12)  BrOF 
10-1;  13)  BrOS  10-10;  14)  BrCTs  10-2;  15)  BrOS  5-25;  l6)  BrG  19;  17) 
remainder;  18)  GOST;  19)  the  same;  20)  special  TU;  21)  fittings  Intend¬ 
ed  to  function  In  fresh  and  salt  water  or  In  steam  at  pressures  of  up 
to  25  kg/cm 2;  22)  the  same,  but  only  In  fresh  water;  23)  antifriction 
components;  24)  tractor  components;  25)  critical  components. 


Figure.  Influence  of  tin  con¬ 
tent  on  the  mechanical  charac¬ 
teristics  cf  tin  bronzes.  1) 

.  .  2 
K£/  inrn  • 


Zinc  added  to  tin  bronze  In  a  quantity  of  several  %  goes  into  sol¬ 
id  solution  In  the  copper  and  has  r.o  marked  influence  on  the  structure 
and  mechanical  characteristics  of  the  alloy,  although  It.  Improves  Its 
technological  characteristics.  Nlcke.  present  In  a  quantity  of  several 

*‘2i 


i  Jl  —  1  ^  f  **■"* 

%  also  goes  into  solid  solution,  reducing  the  grain  size  of  the  bronze 
and  increasing  its  corrosion  resistance  and  mechanical  characteristics. 
Lead,  which  is  virtually  insoluble  in  solid  copper,  is  orecipitated 
during  solidification  in  the  form  of  independent  round  inclusions  rath¬ 
er  uniformly  distributed  throughout  the  structure  of  the  alloy.  The 
presence  of  lead  increases  the  density  and  cutability  of  castings,  but 
reduces  their  mechanical  characteristics.  The  principal  purpose  of  ad¬ 
dition  of  lead  is  to  improve  antifriction  characteristics.  Among  the 
particularly  detrimental  impuiities  in  tin  bronzes  aie  aluminum,  mag¬ 
nesium,  and  silicon,  which  tend  to  oxidize  and  form  films  of  high-melt¬ 
ing  oxides,  which  reduce  casting  strength  and  density.  Bismuth,  anti¬ 
mony,  arsenic,  and  sulfur  are  also  detrimental  Impurities  in  pressure- 
workable  bronzes,  making  them  brittle.  The  tin  oxides  (SnO^)  formed  in 
these  bronzes  in  the  presence  of  oxygen,  being  very  hard  crystals,  are 
extremely  detrimental  to  components  which  must  function  under  friction 
(especially  in  low-viscosity  media),  since  they  reduce  the  antifriction 
characteristics  of  the  alloy.  These  crystals  damage  and  erode  the  necks 
of  shafts.  As  a  result  of  their  properties,  tin  bronzes  are  widely  used 
in  various  areas  of  Industry,  including  machine  building,  the  chemical 
industry,  artistic  casting,  etc.,  but  their  applications  are  being  re¬ 
duced  as  new  alloys  are  developed  in  the  USSR. 

References:  Bochvar,  A. A.,  Metallovedeniye  [Metalworking],  5th 
Edition,  Moscow,  1956;  Smiryagin,  A.N.  Promyshlennyye  tsvetnyye  metally 
i  splavy  [Commercial  Nonferrous  Metals  and  Alloys],  2nd  Edition,  Mos¬ 
cow,  1956;  Zholobov,  V.V.,  Zedin,  N.I.,  Metallograf icheskiy  atlas  po 
medi  1  mednym  splavam,  obrabatyva.yemym  davleniyem  [Metallographic  Atlas 
of  Pressure -Worked  Copper  and  Copper  Alloys],  Leningrad -Moscow,  19^9; 
Mal’tsev,  M.V. ,  Barsukova,  T.A.,  and  Borin,  P.A.,  Metallograf iya  tsvet- 
nykh  metallov  1  splavov  (Metallography  of  Nonferrous  Metals  and  A1- 
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TINNING  OF  THE  TITANIUM  ALLOYS  is  the  plating  of  tin  on  the  sur¬ 
face  of  the  titanium  alloys  prior  to  brazing  using  soft  brazes  for  the 
improvement  of  the  drawing  of  wire  and  the  stamping  of  sheets.  Tinning 
of  the  titanium  alloys  is  performed  by  immersion  of  details  and  blanks 
in  molten  tin  at  650-700°  for  20  minutes  in  molten  tin  dlchioride 
(or  a  mixture  of  tin  dichloride  with  aluminum  chloride  in  a  1:1  ratio) 
at  350-^00°.  The  tin  can  also  be  plated  by  the  electric  arc  of  a  weld¬ 
ing  unit  with  a  current  intensity  of  no  more  than  40-50  amps  in  an  in¬ 
ert  gas  medium,  then  to  obtain  a  smooth,  thin  layer  of  tin  the  details 
are  heated  to  300-500° .  During  tinning  there  is  formed  on  the  surface  a 
layer  of  pure  tin  which  is  well  bonded  with  the  base  metal  by  means  of 
an  Intermediate  nonbrlttie  diffusion  layer  of  tin  in  titanium. 

Reference:  Titan  i  yego  splavy  [Titanium  and  Its  Alloys],  Vol.  1, 
L. ,  i960. 

I.S.  Anitov 
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TIN  PLATE  -  is  thin,  cold-rolled  stripe  or  sheets  produced  from 
low-carbon  rimming  steel  of  the  type  08kp  (GOST  1050-go).  Two  grades  of 
tir.  plate,  differing  in  the  use  and  in  the  surface  quality,  are  obtain¬ 
able:  canning  tin  plate  (ZhK),  and  tin  plate  for  different  purposes 
(ZhR).  The  surface  of  the  tin  plate  is  covered  on  both  sides  with  a  tir, 
layer  (by  hot  tinning);  the  requirements  of  the  surface  quality  are  de¬ 
scribed  in  standards  (GOST  9488-60  and  GOST  7530-01).  The  quality  of 
the  tin  plating  is  determined  by  porosity  tests  according  to  GOST  320- - 
46.  Strip  tin  plate  has  a  width  from  120  to  512  mm  and  a  thickness  free 
0.17  to  0.40  iron.  Tin  plate  sheets  are  usually  deliverable  in  the  size 
512  x  712  mm  and  in  a  thickness  from  0.19-0.55  mm.  The  mechanical  pro¬ 
perties  of  tin  plate  are  determined  by  the  Ericsson  cupping  test  (dep*k 
of  the  crater  6-3  mm  for  canning  tin-plate,  and  5-7  mm  for  tin-plate 
for  different  purposes)  and  by  the  bending  test  around  jaws  with  a  dia¬ 
meter  of  1.5-2  mm  (depending  on  the  thickness  of  the  tin-plate).  The 
specimens  of  the  canning  tin-plate  must  withstand  an  8-fold  bending, 
and  those  of  the  tin-plate  for  different  purposes  -  a  6-fold  bending. 

M.  L.  Bemshteyn 
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TITANIUM  Ti  —  chemical  element  of  the  IV  group  in  Mendeleyev's 
periodic  system,  atomic  number  02,  atomic  weight  A7,  *0.  I.otcpes  of 
titanium:  46  (7.95*)*  47  (7-75*),  4b  (73.45#),  A9  (5.50#)  and  60 
(5- 35^) • 

Titanium  is  a  white-colored  refractory  rretal  which  is  similar  to 
nickel.  Despite  its  extensively  prevalence  (it  occupies  the  ninth 
place  with  respect  to  its  content  in  the  earth's  crust),  titanium  came 
into  use  as  a  material  of  construction  only  in  the  last  decade,  which 
is  due  to  the  great  technical  difficulties  in  obtaining  it  in  the  pure 
form.  The  creation  of  a  large  titanium  industry  has  become  possible  on 
ly  on  the  basis  of  the  latest  achievements  of  vacuum  metallurgy. 

Titanium  exists  in  two  allctropic  forms  -  below  the  polymorphic 
transormation  temperat"re  ( Sc 2° )  In  the  form  of  the  a-mcdif icati  on. 


which  has  a  hexagonal,  densely  packed  lattice  >,Ith  the  periods  a  ~ 

=  2.9503  t  C.0C4  A,  c  =  a.  Sty,  t  7.0074  A,  and  c/a  =  1.6373  *  0.0004  a 
0-titanium  with  a  cubic  body-faced  lattice  with,  the  period  3.233  * 


t  C. C03  A  at  20°  (extrapolation)  and 
temperatures  above  ’'92°. 


3 .  3 -  32  A  at  *00  t  i°  exists  at 


The  specific  gravity  of  out  Itanium  (at  '*'*)  is  4 .  ov‘  6 ,  of  0  titan¬ 
ium  (at  CO* )  it  is  -.*2  (’alciiated  by  the  lattice  periods).  The  r.o 
aal  elasticity  modulus  is  11,210  kg/mm',  the  shear  modulus  is  -ll  kg/ 
/amc,  the  Poisson  ratio  is  0.3?,  Latent  heat  cf  transformation  678 
cal/aole  t  10#,  latent  heat  of  melting  5  kcai/acle  (hypothetically), 
latent  heat  of  vaporization  110.4  t  r.  *  fccal/me!*,  tV  !<>'*-  t  4*. 

•  pi  ' 

'wklp  '  -00*K  (3227*0 


T  T  T  .  - 

*  A.  .i. 


The 


?'  **  /  ’  fi’  i 


n\  '  *  ’ 


ortt  r  *  !  ‘  a,r 


iusi  are  given  in  Tat  le  i,  wt.i-e  U  <*  thermal  r;.nd.a*tivHv  I .  .*iver.  in 

Table  2. 

The  electrical  rer.ls**~1.ry  at  TO®  of  titanium  iodide  is  .'*2  ohm- 
mm/ /m,  for  commercial  titanium  it  in  O.yf  ohm-mm  /m.  Titanium  in  para¬ 
magnetic  and  has  a  magnetic  permeability  of  (3-2  t  0.4) -10"^  CGOM. 

Titanium  is  a  transition  element  and  han  an  incomplete  3:1  layer 
in  the  electron  shell.  In  the  ma/ority  of  chemical  compounds  with 
other  elements  the  valence  of  titanium  is  four,  less  frequently  it  in 
three.  Titanium  with  a  valence  of  two  yields  unstable  compounds  (for 
example  with  halogens).  The  chemical  activity  cf  titanium  increases  v:i 
a  rise  in  the  temperature.  In  the  presence  cf  an  activated  surface  ti¬ 
tanium  absorbs  hydrogen  at  20°  and  at  320°  the  rate  of  hydrogen  absorp 
tien  is  quite  high  (see  Hydrogen  Embrittlement  of  Titanium  Alloys). 
Perceptible  interaction  with  oxygen  starts  at  temperatures  above  n"C°, 
with  nitrogen  it  starts  at  above  70 0°.  The  solubility  of  hydrogen  In 
titanium  is  reversible,  which  makes  it  possible  to  almost  completely 
remove  the  hydrogen  admixture  by  vacuum  annealing-  Oxygen,  nitrogen, 
hydrogen  and  carbon  admixtures.  Wrier,  form  interstitial  solid  solution 
wUh  titanium,  impal**  its  mechanical  properties.  Titanium  in  the  form 
of  powder  and  shavings  t urns  in  a  nitrogen  atmosphere,  and  in  an  oxy¬ 
gen  atmosphere  massive  pieces,  of  titanium  may  al.o  burst  into  flamer 
(see  Inf  lamas  tier,  cf  Titanium).  Only  verv  fine  titanium  shavings  burr, 
in  air  upon  intensive  local  heat Jr*  (for  example,  when  cut  by  a  blunt¬ 
ed  tocl).  In  the  molten  state  titani  .m  ret- in  strongly  with  all  re¬ 
fractories  used  In  equipment,  reducing  them,  and  it  ferns  a  carbide 
with  carbon  f-u?<  C). 

Ma/cr  chemical  compounds  of  titanium.  1 1  tan  1  •< .m  d iox i  e  in  tr.e 
pure  for©  is  a  white  powder,  t®  j  !‘;3 G-l-ryc*  ;  is  used  for  making  white 


1)  Temperat  ure  (°C);  :)  <•  ( <  a :  /g-V  j . 
TABLE  2 

Thermal  Conductivity  of  Titanium 


G2  .  _  -  - 

1)  Temperature  (°C);  X(cal/cm- .  ec-’C) . 


mineral  pigments,  sometimes  tor  obtaining  metallic  titanium.  Titanium 
tetrachloride  (TiCl^)  is  a  transparent  liquid  with  t“ip  whirr 

fumes  in  air  due  to  hydrolitic  reaction  witn  the  air  moisture.  It  I.; 
an  intermediate  product  in  obtaining  titanium  by  magnesium  or  sodium 
reduction.  It  is  used  for  the  production  of  smoke  pots.  Gaseous  com¬ 
pounds  of  titanium  with  iodine  (Til^  ar.d  Til:  )  are  used  for  obtaining 
highly  pure  metallic  titanium  t.v  thermal  dissociation.  Titanium  hydride 
(~TiH2)  is  a  gray-colored  substance  which  decomposes  on  heating.  It  is 
obtained  for  obtaining  very  fine  titanium  powder,  as  well  as  of  highly 
pure  hydrogen.  Titanium  carbide  TiC(-20#  Ti)  is  refractory  (t*,  -1 

j  JL 

hard  and  is  contained  in  a  number  of  olid  alleys.  With  nitrogen  titan¬ 
ium  forms  a  refractory  (T  g;  °)  nitride  (TIN). 

Titanium  has  high,  corrosion  resistance  due  to  the  forma  tier,  of  a 
strong  oxide  film  (sec  Oxidation  <  f  Titanium  Alleys).  It  is  resistant 
to  sea  water  and  the  atmosphere,  '•  a.  a  go<~d  resistance  t  hvdrau’ic 
cavitation.  Resists  the  effect  of  nitric  acid  in  all  concentrations 
with  the  exception  of  red  fuming  nitric  acid  which,  gives  rise  to  cc 


i.  C  i 
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sion  cracking;  here  the  corrosion  products  have  explosive  properties. 
The  resistance  to  diluted  sulfuric  acid  is  satisfactory.  Hydrochloric 
acid  reacts  with  titanium,  particularly  at  elevated  temperatures.  Hy¬ 
drofluoric  acid  reacts  intensely  with  titanium.  In  addition,  titanium 
is  rapidly  corroded  by  hot  organic  acids:  oxalic,  trichloracetic  and 
formic  acids.  Boiling  solutions  of  acetic,  lactic,  citric  and  stearic 
acids  of  all  concentrations,  carbon  tetrachloride,  trichloroethylene, 
formaldehyde,  chloroform  practically  do  not  affect  titanium.  At  20° 
titanium  resists  the  effect  of  ammonium  hydroxide  and  diluted  solu¬ 
tions  of  sodium  hydroxide  and  potassium  hydroxide,  as  well  as  of  a  hot 
solution  of  a  moderate  concentration  of  sodium  hydroxide.  Of  great 
importance  for  the  industrial  application  of  titanium  is  its  high  re¬ 
sistance  to  moist  chlorine,  chlorine  water,  hot  and  cold  solutions  of 
chlorates  of  all  concentrations,  with  the  exception  of  the  boiling  so¬ 
lution  containing  more  than  2*5#  of  aluminum  chloride. 

An  important  property  of  titanium  is  its  ability  to  form  solid 
solutions  with  atmospheric  gases  and  hydrogen.  Hence  when  titanium  is 
heated  in  air  an  oxygen  saturated  solid  (alpha-phase)  layer,  whose 
thickness  depends  on  the  temperature  and  heating  duration  is  formed  at 
its  surface,  in  addition  to  the  scale.  This  layer  consists  of  an  a-ti- 
tanium-based  solid  solution,  which  is  stabilized  by  the  oxygen  and 
has  a  higher  transformation  temperature  than  the  base  metal.  The  forma¬ 
tion  of  the  a-phase  layer  on  the  surface  of  components  and  semifinish¬ 
ed  products  is  undesirable,  since  it  can  give  rise  to  brittle  failure. 
To  remove  this  layer  components  are  etched  in  acids  and  in  salt  and 
alkaline  solutions;  here  in  certain  cases  it  is  necessary  to  follow 
this  by  vacuum  annealing  (to  remove  hydrogen  absorbed  during  etching). 
The  formation  of  the  a-phase  layer  can  be  reduced  or  entirely  prevented 
by  heating  the  components  in  an  argon  atmosphere  or  by  using  special 
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protective  lubricants. 

Obtaining  of  metallic  titanium.  The  starting  raw  material  are  sim¬ 
ple  or  compound  rutile-  and  ilmenite-type  oxide  ores.  Due  to  the 
strength  of  the  titanium  oxide  (Ti02)  it  is  necessary  to  use  very 
strong  reducing  agents.  Titanium  can  be  obtained  by  several  methods 
using  vacuum  or  a  neutral  gas  atmosphere. 

Molten  calcium  method  —  reduction  of  titanium  dioxide  by  metallic 
calcium  yields  a  metal  highly  contaminated  with  oxygpn  and  other  admix¬ 
tures  (purity  not  higher  than  98-98. 5$) ,  which  is  unsuitable  for  con¬ 
struction  purposes.  Has  not  come  into  practical  use. 

Calcium  hydride  method  —  reduction  of  titanium  dioxide  by  calcium 
hydride  yields  a  mixture  of  titaniur.  hydride  with  calcium  oxide, 
which  is  then  leached  in  weak  hydrochloric  acid  (see  Sintered  Titanium 
Alloy). 

The  iodide  method  —  decomposing  gaseous  titanium  iodides  by  the 
application  of  heat  -  is  more  correctly  regarded  as  a  refining  method, 
since  the  starting  material  is  impure  metallic  titanium  obtained,  for 
example,  by  the  molten  calcium  method.  The  iodide  method  does  not  have 
independent  industrial  signif icance,  and  is  used  primarily  for  labor¬ 
atory  purposes  and  when  very  high  purity  metal  is  heeded.  Titanium  ob¬ 
tained  by  the  iodide  method  is  supplied  in  the  form  of  coarse-crystal¬ 
line  bars  up  to  40  mm  in  diameter  and  up  to  one  meter  long. 

Molten  sodium  method  —  reduction  of  titanium  tetrachloride  by 
molten  sodium  is  one  of  the  most  extensively  used  industrial  methods 
for  obtaining  metallic  titanium.  First  titanium  tetrachloride  Is  ob¬ 
tained  by  chlorinating  titanium  dioxide  In  the  presence  of  carbon, 
and  then  the  tetrachloride  is  reduced,  obtaining  sodium  chloride  and 
fine-granular  titanium.  The  products  of  reaction  are  separated  by 
leaching.  Due  to  the  fact  that  the  titanium  tetrachloride  used  for 
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reducing  does  not  contain  oxygen,  it  is  possible  to  obtain  titanium 
with  a  moderate  contaminant  content,  which  is  a  good  base  for  high- 
strength  and  heat  resistant  titanium  alloys.  A  certain  disadvantage  of 
the  molten  sodium  method  is  the  need  to  produce  highly  pure  metallic 
sodium  in  large  quantities. 

Molten  magnesium  method  -  reduction  of  titanium  tetrachloride  by 
magnesium.  At  present  it  is  the  basic  method  for  industrial  production 
of  titanium  in  our  country  and  abroad.  The  tetrachloride  is  reduced  by 
molten  magnesium  in  an  argon  atmosphere  according  to  the  reaction: 

T1C1.  +  2Mg=TI  +  2MgCI|  + !  545  Cal/kg. 

The  product  of  reaction  is  a  mixture  of  spongy  titanium  with  mag¬ 
nesium  chloride  and  metallic  magnesium  (residue  of  the  reducing  agent) 
Then  the  mixture  is  vacuum  distilled  after  which  spongy  titanium  is  ob¬ 
tained.  The  molten  magnesium  method  has  the  following  advantages: 
yields  a  high  quality  metal  (since  the  starting  product,  i.e.,  titan¬ 
ium  tetrachloride,  does  not  contain  oxygen,  is  easy  to  purify  from 
contaminants  by  fractional  distillation,  filtering  and  passing  through 
absorbers,  and  the  reduction  reaction  goes  to  the  end).  The  reducing 
agent  —  metallic  magnesium  —  is  produced  in  sufficient  quantities; 
here  unlike  calcium  and  sodium,  magnesium  has  its  own  significance  as 
a  valuable  metal  of  construction.  Hence  the  capital  investments  for 
expanding  the  production  of  magnesium  will  be  justified  even  Jf  the 
method  of  obtaining  of  titanium  is  changed;  the  byproducts  -  magnesium 
chloride  and  the  metallic  magnesium  residue  -  can  be  reused  at  the  in¬ 
itial  stage  of  the  process,  which  makes  it  possible  to  create  a  closed 
cycle  and  reduce  production  costs.  Ten  brands  of  spongy  titanium  (ac¬ 
cording  to  technical  specifications  of  1964)  are  produced  in  tne  USFR 
(Table  3). 

Titanium  semifinished  products  are  produced  primarily  from  brand 
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TG-110  to  brand  TG-1^0  sponge.  The  TG-100  and  TG-105  brands  are  pro¬ 
duced  in  limited  quantities  as  experimental  metals  for  study  purposes 
and  for  special  fields  of  application  alongside  with  titanium  obtain¬ 
ed  from  iodides.  The  TG-ChM  brand  is  used  in  ferrous  metallurgy  for 
deoxidizing  and  alloying  of  steel 


TABLE  3 
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The  electrolytic  method  for  obtaining  metallic  titanium  from  its 
compounds  has  not  as  yet  come  into  use  due  to  difficulties,  but  it  will 
be  used  successfully  for  refining  titanium  wastes  and  scrap. 

The  high  strength  (the  ultimate  strength  of  titanium  alloys  can 
exceed  150  kg/mm  ),  lightness  and  excellent  corrosion  resistance, 
which  in  a  number  of  cases  exceeds  the  corrosion  resistance  of  stain¬ 
less  steel,  make  titanium  a  particularly  promising  material  for  the 
aircraft,  chemical  and  shipbuilding  Industries.  In  the  majority  of 
cases  titanium  is  used  in  the  form  of  alloys  with  aluminum,  molybden¬ 
um,  vanadium,  manganese  and  other  metals  (see  Titanium  Alloys).  A  pro¬ 
perty  of  titanium  alloys  which  is  of  particular  importance  to  modern 
aircraft  construction  is  the  high  heat  resistance  as  compared  with  al¬ 
uminum  and  magnesium  alloys. 

Mechanical  properties.  Particularly  pure  (iodide)  titanium  has  the 

p  p 

following  properties:  HV  83.“,  *  25.6  k&/mm  ,  2  =  C.6  kg/mm  , 
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6  =  72#  (on  a  length  of  13  mm),  V'  -  86.2#.  The  admixture  content: 

0.01#  0,  0.001#  N,  0.03#  C,  0.02#  Fe  and  0.03#  Si;  the  remaining  ad¬ 
mixtures,  as  a  rule,  are  in  the  trace  form.  Commercial  titanium,  ob¬ 
tained  by  magnesium  or  sodium  reduction  of  titanium  tetrachloride,  dif¬ 
fers  from  the  particularly  pure  titanium  by  an  increased  admixture  con¬ 


tent,  particularly  of  oxygen. 
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Fig.  1.  Effect  of  oxygen,  nitrogen  and  carbon  on  the  mechanical  proper¬ 
ties  of  titanium  (at  20°),  according  to  Jaffe,  Ogden  and  Maycalf  (sol¬ 
id  curves)  and  Finley  and  Snyder  (dashed  curves).  1)  Kg/mm2;  2)  atomic; 

3)  by  weight. 


Figure  1  shows  curves  of  the  mechanical  properties  of  titanium  as 
a  function  of  the  admixture  content.  The  greatest  strength  increase  is 
produced  by  nitrogen,  the  lowest  by  carbon.  When  the  nitrogen  content 
is  0.3#,  titanium  becomes  so  brittle  that  it  cannot  be  tested  in  ten¬ 
sion.  Carbon  has  a  perceptible  effect  on  the  strength  and  hardness  only 
when  the  solid  solution  concentration  is  up  to  the  critical  magnitude 
(C.’-O.fc#),  after  which  the  carbide  precipitation  starts;  the  plasti¬ 
city  continues  to  drop  even  after  the  carbide  has  precipitated.  Hydro¬ 
gen  almost  does  not  affect  the  strength  and  plasticity  of  statistically 
loaded  titanium,  but  it  significantly  amplifies  its  sensitivity  tc  the 
prolonged  application  of  steady  loads.  Hydrogen  produces  slow  embrit- 
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tlement  In  titanium  alloys  as  a  result  of  diffusion  precipitation  of 
the  hydride. 


Pig.  2.  Effect  of  hydrogen  on  the  impact  ductility  of  titanium,  accord¬ 
ing  to  Lennlng,  Craighead  and  Jaffe.  1)  Quenching  from  400°;  2-5) 
aging  (after  quenching;  2)  one  day;  3)  one  week;  U)  one  month;  5)  six 
months;  6)  slow  cooling  from  400°.  A)  kgm/cm^;  B)  atmomic. 

Figure  2  shows  the  impact  ductility  of  commercial  titanium  as  a 
function  of  the  hydrogen  content  after  heat  treatment  according  to 
various  regimes  and  after  natural  aging  for  up  to  one  half  a  year.  The 
greatest  embrittlement  is  observed  after  slow  cooling  from  ^00°  (curve 
6).  The  metal  quenched  from  this  temperature  ages  slowly;  here  the  im¬ 
pact  ductility  is  reduced  most  perceptibly  during  the  first  week  (curve 
3),  whereupon  the  process  slows  down  (see  Titanium  Alloys). 

References ;  Yeremenko,  V. N. ,  Titan  i  yego  splavy  [Titanium  and 
its  Alloys],  2nd  Edition,  Kiev,  i960;  MacQuillen,  A.D.  and  MacQuillen, 
M. K. ,  Titan  [Titanium],  translated  from  English,  Moscow,  1958;  Titan 
i  yego  splavy  [Titanium  and  its  Alloys],  edited  by  L. S.  Moroz,  Vol.  1, 
Leningrad,  i960;  Glazunov,  S.G. ,  in  the  book  Spravochnik  po  mashino- 
stroiteTnym  materialam  [Handbook  of  Machine-Building  Materials],  Vol. 
2,  Chapter  6,  pages  356-82,  Moscow,  1959*  Titan  v  promyshlennosti  [Ti¬ 
tanium  in  the  Industry),  Collection  of  articles  under  the  editorship 
of  S.G.  Glazunov,  pages  5-30,  4l-?8,  1^2-59,  216-226,  232-65,  Moscow, 
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[Transliterated  Symbols] 

nji  *  pi  =  plavleniye  =  melting 
KMn  =  kip  =  kipeniye  =  boiling 
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TITANIUM  ALLOYS  -  titanium-basa  alloys  (5C#  Ti).  Among  the  more 
important  alloying  elements  are  Al,  Mo,  V,  Mn,  Cr,  Sn,  Fe,  Zr  and  Nb. 
The  greatest  strength  increase  is  produced  by  iron,  and  the  lowest  by 
vanadium  (Fig.  1). 


Fig.  1.  Effect  of  alloying  elements  on  the  strength  of  titanium  (ac¬ 
cording  to  Craighead,  Simmons  and  Eastwood).  1)  kg/mm2 j  2)  alloying 
elements. 


Titanium  forms  alloys  with  practically  all  metals  (with  the  ex¬ 
ception  of  alkaline  and  alkaline-earth),  and  also  with  silicon,  boron, 
hydrogen,  nitrogen  and  oxygen. 

In  comparison  with  other  materials  of  construction  titanium  has  a 
better  combination  of  high  mechanical  properties,  corrosion  resistance 
and  low  specific  gravity  (4. 5-4. 8).  Depending  on  the  alloying  and  heat 
treatment,  it  is  possible  to  obtain  titanium  alloys  with  db  from  50  to 
140  kg/mm  ,  which  corresponds  to  a  specific  strength  (cb/y)  of  from 
10  to  32  km.  This  distinctive  feature  of  titanium  alloys  is  retained 
over  a  wide  temperature  range  (from  —253*  to  +500*).  Certain  other  pro¬ 
perties  of  titanium  alloys,  such  as  the  low  linear  expan  w  coeffi¬ 
cient  which  makes  it  possible  to  reduce  the  thermal  expansion  gaps  in 
engines  and  reduce  the  thermal  stresses  due  to  the  heating  of  aircraft 
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akin;  the  fact  that  titanium  alloys  are  nonmagnetic,  which  eliminates 
the  harmful  effect  of  the  metallic  structure  on  navigation  instruments 
and  also  reduces  the  danger  of  exploding  on  magnetic  mines,  are  also 
valuable.  The  absence  of  cold  shortness  in  nonalloyed  titanium  and  in 
a  number  of  titanium  alloys  makes  them  for  a  promising  material  for 
cryogenic  equipment.  The  ability  of  titanium  and  its  alloys  to  absorb 
nitrogen  and  oxygen  at  high  temperatures  makes  it  possible  to  use  them 
in  electron  vacuum  engineering  as  getters.  Titanium  and  its  alloys  ar>; 
prone  to  inflammation  i».  an  oxygen  medium  under  pressure  (see  Inflnwyia 
tlon  of  Titanium),  which  somewhat  limits  their  application  in  designs 
operating  in  oxyger -containing  media. 

A  great  influence  on  the  properties  of  titanium  alloys  is  exerted 
by  the  character  of  the  solid  solutions  they  ^irm,  which  depends  on 
the  relationship  between  the  atomic  diameters  of  the  alloying  elements 
elements  with  small  atoms  (H,  0,  N  and  C)  form  interstitial  solutions; 
elements  whose  atoms  are  close  in  size  to  that  of  titanium  atoms  (Zr, 
V,  Al,  etc.)  form  substitutional  solid  solutions.  The  alloying  ele¬ 
ments  txert  a  varying  effect  on  the  allotropic  transformation  tempera¬ 
ture  of  titanium;  elements  which  increase  this  temperature  (Al,  0,  N) 
are  called  a  stabilizers,  elements  which  reduce  it  (the  majority  of 
metals,  for  example.  Mo,  Mn)  are  called  2  stabilizers.  Elements  which 
have  little  effect  on  the  transformation  temperature  are  called  neu¬ 
tral  or  two-phase  hardening  agents;  the  most  typical  representative 
of  the  latter  group  is  thorium,  which  has  the  same  allotropic  transfer 
mation  temperature  as  titanium  and  which  does  not  form  intermetalllc 
phases;  on  the  double  rhase  diagram  for  Ti-Th  the  o-  and  2-regions  are 
divided  by  a  horizontal  vht  line;  3n,  Hf  and  Zr  also  belong  to 

this  group;  o  stabilizers  primarily  increase  the  strength  of  a  titan¬ 
ium,  while  0  stabilizers  due  the  for  b  titanium,  the  neutral  stablll- 
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zers  exert  approximately  the  same  strengthening  effect  on  a  and  0  titan¬ 
ium.  Figure  2  shows  a  composite  phase  diagram  for  titanium  with  three 
typical  alloying  elements:  Al,  Mo  and  Sn. 


Fig.  2.  Composite  phase  diagram  of  an  alloy  of  titanium  with  Al,  Mo 
and  Sn.  A)  Alloying  elements. 

The  rate  of  the  allotropic  transformation  of  the  0-a  forms  is  of 
significant  importance;  in  the  majority  of  titanium  alloys  with  0  sta¬ 
bilizers  it  is  possible  to  retain  by  quenching  a  certain  quantity  of 
the  3  phase,  which  depends  on  the  alloys  concentration  and  the  quench¬ 
ing  temperature;  however,  the  allotropic  transform tion  in  certain  ti¬ 
tanium  alloys  with  0  stabilizers,  for  example,  Ti-Si,  takes  place  at 
such  a  high  rate,  that  the  0  phase  cannot  be  retained  by  quenching. 

The  effect  of  alloying  elements  or  titanium  with  respect  to  the 
character  of  the  solid  solution,  their  Influence  on  the  temperature 
and  rate  of  allotropic  transformations  can  be  illustrated  by  a  schema¬ 
tic  (Fig.  3).  Elements  which  form  solid  interstitial  solutions  are  im¬ 
purities,  while  those  forming  substitutional  solid  solutions  are  used 
as  alloying  elements  in  obtaining  titanium  alloys.  In  nonalloyed  titan¬ 
ium  and  its  alloys  with  a  stabilizers  the  0  phase  is  not  retained  by 
quenching,  but  undergoes  a  martensitic  transformation,  forming  the 
aclcular  a1  phase.  Martensitic  o'  and  a"  phases  can  also  form  in  low- 
alloyed  and  medium  alloyed  titanium  alloys  with  0  stabilizers  (2-6)1) 
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Pig.  3*  Classification  of  alloying  elements  and  impurities  by  their  ef 
feet  on  titanium.  1)  Alloying  elements  and  impurities;  2)  a  stabilizer 
3)  neutral  hardening  agents;  A)  0  stabilizers;  solution-forming 
elements;  6)  interstitial;  7)  substitutional;  8)  isomorphous  0  phase; 
9)  eutectoid  decomposition;  10)  0  phase  is  retained  by  quenching;  11) 

9  phase  is  not  retained  by  quenching. 

when  they  are  quenched  from  the  £  region. 

By  their  structure  titanium  alloys  are  divided  into  4  groups:  1) 
alloys  with  an  a  structure,  which  include  titanium  and  its  alloys  pri¬ 
marily  on  the  Laeis  of  the  Tl-Al  system,  and  also  alloys  of  the  Ti-Sn 
and  Ti-Zr  systems.  These  alloys  do  not  contain  0  stabilizers  or  con¬ 
tain  them  In  amounts  such  that  they  are  completely  soluble  in  o  titan¬ 
ium;  they  can  also  contain  elements  from  the  neutral  hardening  agent, 
group  (Sn,  Zr,  etc.);  thyy  weld  well  by  fusion  welding,  retain  high 
plasticity  at  low  temperatures  and  are  not  sensitive  to  heat  treatment 
hardening.  Among  shortcomings  of  a  alloys  are  reduced  production  pro¬ 
cess  plasticity,  particularly  in  alloys  with  a  high  aluminum  content; 
2)  binary  alloys  a  ♦  9  with  a  predominance  or  the  a  structure,  contain 
ing  up  to  2%  of  9  stabilizers.  These  alloys  have  a  higher  plasti  ity 
than  a  alloys  and  at  the  same  time  rtain  their  good  weldability:  they 
are  practically  insensitive  to  heat  treatment;  3)  binary  a  ♦  9  alloys 
containing  more  than  2-i  of  $  i  tabillrers.  They  have  a  gcol  plasticity 

after  annealing  or  quenching  and  high  strength  after  quenching  and 
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aging;  weld  poorer  than  alloys  of  the  first  two  groups,  heat  treatment 
for  improving  the  plasticity  of  the  welded  joint  is  needed  after  weld¬ 
ing;  4)  alloys  with  a  predominance  of  the  3  structure  (3  alloys).  Due 
to  a  cubic  crystal  lattice  they  are  highly  plastic  at  room  temperature. 
Their  strength  can  be  increased  by  heat  treatment  to  a  level  which  ex¬ 
ceeds  the  strength  of  alloys  of  the  preceding  group;  the  welded  seam 
is  very  plastic  after  welding  but  brittle  after  hardening  heat  treat¬ 
ment.  These  alloys  oxidize  upon  heating  in  air  to  a  greater  depth  and 
faster  than  alloys  of  the  preceding  groups,  and  are  hydrogenated  at  a 
higher  rate  when  etched  in  acid  solution.';  hence  they  should  be  care¬ 
fully  protected  during  heat  treatment  fron  gas  contamination.  Uie  nom¬ 
enclature  of  serially  produced  and  several  experimental  titanium  al¬ 
loys  used  in  the  Soviet  Union  is  presented  in  Table  1. 


TABLE  1 

Chemical  Composition  of  Ti¬ 
tanium  Alloys 
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I)  Alloy  brand  or  system;  2)  nominal  chemical  composition  (%,  the  bal¬ 
ance  being  Ti);  3)  a  alloys;  4)  VT;  5)  commercial  titanium;  6)  same  as 
above;  7)  VTL;  8)  a  +  3  alloys  (containing  up  to  2%  of  3  stabilizers); 
9)  a  +  3  alloys  (containing  more  than  2 %  of  p  stabilizers);  10)  VTOS; 

II)  3  alloys. 

TABLE  2 


Classification  of  Titanium 
Alloys  by  the  Strength 
Level 
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1)  Alloy  group;  2)  (kg/mn/);  3)  alloys;  4)  moderate  strength  weldable 
alloys;  5)  VT;  6)  medium  strength  alloys;  7)  VT6S;  8)  VTlo  (after  an¬ 
nealing);  9)  high  strength  alloys;  10)  more  than  100;  11)  VTl6  (after 
quench  hardening  and  aging). 


By  the  strength  level  at  room  temperature  titanium  alloys  are  di¬ 
vided  into  moderate,  medium  and  high  strength  alloys  (Table  2). 

At  cryogenic  temperatures  moderate  strength  a  alloys  and  commer¬ 
cial  titanium  become  high-strength  material.  For  example,  at  the  tem¬ 
perature  of  liquid  hydrogen  ob  of  commercial  titanium  exceeds  100  kg/ 
/mm2.  A  particular  effect  on  the  properties  at  low  temperatures  is  ex¬ 
erted  by  the  content  of  interstitial  elements  (oxygen  and  nitrogen) 
and  also  of  iron.  For  titanium  alloys  used  at  low  temperatures  neir 
content  should  be  at  minimum.  The  VT3,  VT3-1,  VT5,  VT5-1,  VT8  and  VT9 
alloys  are  used  as  heat  resisting  alloys.  These  alloys  are  supplied 
only  in  the  form  of  forgings  and  stampings  (except  for  VT5-1);  all  the 
others  are  also  supplied  in  the  form  of  sheets,  pipes  and  shapes.  The 
VTL1  alloy  is  used  only  for  casting  of  intricately  shaped  products;  the 
commercial  alloy  which  is  widely  used  for  casting  of  intricate  shapes 
is  VT5.  Welding  wire  is  made  from  the  VT1-0  commercial  alloy  and  from 
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an  alloy  with  2 #  of  Al. 

At  present  the  limiting  operating  temperature  for  titanium  alloys 
in  prolonged  service  is  500-550°,  for  short -duration  operations  it  is 
up  to  800°.  The  interval  of  changes  in  heat  resistance  properties  for 
commercial  titanium  alloys  with  respect  to  100  hour  creep  strength  at 

p 

500°  comprises  from  20  (VT5)  to  65  kg/mm  (VT9)>  with  respect  to  100 

2 

hour  creep  resistance  at  500°  it  comprises  from  5  (FT3-1)  to  30  kg/mm 

(VT9).  The  fatigue  strength  of  titanium  alloys  depends  to  a  substantial 

extent  on  the  surface  finish  and  can  be  improved  by  various  production 

7 

process  operations.  Usually  the  fatigue  strength  under  10  cycles  com¬ 
prises  4fj-50#  of  the  ultimate  strength  of  the  alloy.  A  serious  obsta¬ 
cle  to  the  use  of  titanium  alloys  above  500°  consists  in  the  low  oxida¬ 
tion  resistance  and  an  increase  in  the  capacity  for  interaction  with 
oxygen  and  hydrogen  with  an  Increase  in  temperature.  Heat  resistant  ti¬ 
tanium  alloys  should  also  have  a  high  temperature  resistance  over  the 
entire  range  of  operational  temperatures. 

The  production  process  features  of  titanium  alloys  are  determined 
by  the  physicochemical  properties  of  the  titanium  proper.  Titanium  al¬ 
loys  should  be  smelted  in  a  vacuum  or  in  an  argon  medium  (the  latter 
is  used  when  the  alloy  contains  volatile  components,  for  example  Cr), 
in  copper  water  cooled  crucibles  (which  usually  also  serve  as  ingot 
molds)  or  in  graphite  crucibles  with  titanium  lining  to  reduce  carbur¬ 
ization.  The  heat,  source  is  a  direct  current  arc  which  is  produced  be¬ 
tween  the  crulcible  bottom  and  a  consumable  electrode,  which  is  made 
by  cold  pressureworking  of  sponge  titanium  with  an  addition  of  alloy¬ 
ing  elements.  For  casting  of  intricate  shapes  from  titanium  alloys  it 
is  best  to  use  metal  or  graphite  molds.  When  titanium  alloy  sheets 
are  etched  in  acid  etching  agents  for  scale  removal,  hydrogenation  of 

the  metal  is  observed  which  is  the  more  intensive,  the  more  3  phase  is 
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contained  in  the  alloy,  the  longer  the  etching  time  and  the  higher  the 
solution's  temperature.  To  protect  the  sheets  frcm  hydrogenation  they 
are  clad  by  unalloyed  titanium,  while  vacuum  annealing  is  used  for  re¬ 
moving  hydrogen  from  the  metal.  When  heating  semifinished  products  for 
production  process  operations  it  is  necessary  to  avoid  extremely  high 
temperatures  and  extended  holding  times  in  order  to  prevent  deep  oxida¬ 
tion  with  attendant  formation  of  a  solid  and  brittle  layer  at  the  pro¬ 
duct  surfaces. 

The  expedience  of  using  titanium  alloys  for  aircraft  and  avia¬ 
tion  engines  is  determined  primarily  by  the  combination  of  a  low  speci¬ 
fic  gravity  with  a  high  strength,  while  the  use  in  chemical  machine 
building  and  in  shipbuilding  is  determined  by  the  corrosion  resistance 
in  sea  water  and  aggressive  media  (see  Corrosion  of  titanium  alloys). 

In  hydroraetallurgicai  production  of  cobalt  and  nickel  use  is  made 
of  sulfate-chloride  solutions,  which  highly  corrode  apparatus  from 
stainless  steel,  in  particular  pumps,  the  service  life  of  which  usual¬ 
ly  does  not  exceed  3  months.  Apparatus  made  from  titanium  alloys  was 
found  to  resist  corrosion  during  several  years  of  service.  The  use  of 
titanium  coils  instead  of  lead  coils  in  the  production  of  paints  and 
plastics  increases  the  service  life  of  apparatus  from  2  to  10  and  more 
years.  The  resistance  of  titanium  alloys  to  organic  and  fatty  acids 
makes  them  a  very  promising  material  for  the  food  and  winemaking  indus¬ 
tries.  The  use  of  titanium  and  its  alloys  in  the  chemical  industry  not 
only  gives  large  savings,  but  also  makes  it  possible  in  a  number  of 
cases  to  increase  the  rate  of  production  processes  by  increasing  the 
temperature,  pressure  and  concentration  of  the  reagents.  Titanium  al¬ 
loys  can  be  used  in  the  power  producing  industry  for  making  motors  and 
blades  for  stationary  steam  and  gas  turbines  and  also  for  high-capaci¬ 
ty  compressors  which  are  Installed  on  long  pipelines.  In  medical  equip- 
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ment  titanium  and  its  alloys  uro  successfully  tested  for  the  m?iking  of 
surgical  instruments,  autoclaves,  distillation  vats,  as  we ]  1  as  for 
prosthesis;  here  use  is  made  of  the  low  specific  gravity  of  titanium 
and  of  the  fact  that  it  is  inert  to  living  tissue.  Good  prospects  for 
the  use  of  titanium  alloys  exist  in  the  petroleum  industry,  in  parti¬ 
cular,  for  mnking  light  and  strong  pipes  which  are  used  in  drilling  ex¬ 
tremely  deep  wells  and  for  facing  of  steel  scaffold  bridge::  over  areas 
constantly  wetted  under  sea  oil  extraction  conditions.  The  shipbuilding 
industry  uses  titanium  and  its  alloys  for  making  seagoing  fittings, 
pumps,  various  apparatus  which  works  in  brine  and  fish  slime,  and  also 
for  sheathing  the  hulls  and  stabilizer  fins  of  sea  and  river  vessels. 

References:  MacQuillen,  A.  D.  and  MacQuillen,  M. K. ,  Titan  [Titan¬ 
ium].  Translated  from  English,  Moscow,  1958;  Titan  i  yego  splavy  [Ti¬ 
tanium  and  Its  Alloys],  under  the  editorship  of  L.  S.  Moroz,  Vol.  1, 
Leningrad,  I960;  Kornilov,  1. 1.  and  Budberg,  P.  B. ,  Diagram:  sostoyani- 
ya  dvoyunykh  i  troynykh  sistem  titana  [Phase  Diagrams  for  Binary  and 
Tertiary  Titanium  Systems],  Moscow,  196I;  Yeremenko,  V.  N. ,  Titan  i  ye¬ 
go  splavy  [Titanium  and  Its  Alloys],  2nd  Edition,  Kiev,  i960;  Spravcch- 
nik  pc  mashinostroitel'nym  materialam  [Handbook  of  Machine-Building  Ma¬ 
terials],  Vol.  2,  Chapter  6,  Moscow,  1959;  Molchanova,  Ye.K. ,  Atlas  di¬ 
agrams  sostoyaniya  titanovykh  splavov  [Atlas  of  Phase  Diagrams  for 
Titanium  Alloys],  Moscow,  1964;  Titan  v  promyshlennosti  [Titanium  in 
Industry].  Collection  of  articles  under  the  editorship  cf  S.G.  Glazun¬ 
ov,  Moscow,  1961. 
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TITANIUM  ALPHA-STABILIZERS  -  elements  that  raise  the  temperature 
of  the  allotropic  transformation  of  titanium.  The  solubility  of  titan¬ 
ium  alpha-stabilizers  in  a-titanlum  is  higher  than  that  in  3-titanium. 
Introduction  of  such  elements  into  titanium  broadens  the  region  of  ex¬ 
istence  of  the  a-phase  with  the  hexagonal  close-packed  atomic  lattice. 
The  titanium  alpha-stabilizers  include  Al,  0,  C  and  N.  Aluminum  forms  a 
substitutional  solid  solution  with  titanium;  oxygen,  nitrogen  and  car¬ 
bon,  on  the  other  hand,  form  interstitial  solid  solutions.  Oxygen,  ni¬ 
trogen  and  carbon  must  be  categorized  as  harmful  impurities,  since 
their  presence  in  the  alloys  in  quantities  exceeding  the  permissible 
level  lowers  plasticity  and  thermal  stability  and  is  detrimental  to 
weldability  and  other  valuable  properties. 

References :  Makkvillen,  A.D.  and  Makkvillen,  M.K. ,  Titan  [Titani¬ 
um],  translation  from  the  English,  Moscow,  1958. 

Ye.  A.  Borisova 


UViH 


III-131P 


TITANIUM  BARS  -  semifinished  products  manufactured  from  almost  All 
titanium  alloys.  These  bars  can  be  distinguished  as  round  or  square 
according  to  cross  section  and  as  pressed  or  rolled  according  to  fabri¬ 
cation  method. 

TABLE  1 


Types  and  Sizes  of  Titanium 
Bars 
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TABLE  2 

Mechanical  Characteristics 
of  Titanium  Bars  at  20#* 
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TABLE  3 

Mechanical  Characteristics 
of  Titanium  Bars  at  High 
Temperatures 
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/mm2}  5)  VT3-1}  6)  VT5;  7)  VT6;  8)  VTl4;  9)  VT14;  10)  annealed;  11)  the 
same}  12)  quenched  and  aged. 


Table  1  shows  the  sizes  of  the  bars  most  frequently  employed  com¬ 
mercially. 

The  technical  specifications  for  manufacture  of  titanium  bars  set 
their  tolerances  with  respect  to  size,  surface  quality,  macrostructure 
(absence  of  defects  and  permissible  dralniness),  mechanical  character¬ 
istics  at  room  and  elevated  temperatures,  and  chemical  composition. 

Tables  2  and  3  show  the  mechanical  characteristics  of  titanium 
bars  up  to  100  mm  in  diameter  at  room  and  elevated  temperatures. 

In  producing  titanium  bars  it  is  necessary  to  ensure  a  sufficient 
degree  of  deformation  in  the  a-phase  (for  single-phase  alloys)  or  a  + 

+  P-phase  (for  two-phase  alloys)  region.  In  the  majority  of  cases  de¬ 
formation  at  higher  temperatures  (in  the  P-region)  leads  to  severe  de¬ 
terioration  of  macrostructure  and  microstructure  and  a  decrease  in 
plasticity. 

N.F.  Anoshkin 
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TITANIUM  BETA-STABILIZERS  -  elements  which  reduce  the  allotroplc- 
transformation  temperature  of  titanium,  have  a  higher  solubility  in  0- 
titanium  than  in  a-titanium,  and  expand  the  region  in  which  the  0-phase, 
with  its  cubic  body-centered  lattice,  exists.  Depending  on  the  charac¬ 
ter  of  the  solid  solutions  which  they  Torn  with  titanium,  these  0-sta- 
bilizerc  can  be  classified  as  elements  which  form  detrimental  solutions 
(H)  and  those  which  form  protective  solutions.  These  groups  are  in  turn 
divided  into  isomorphic  (V,  Mo,  Nb,  and  Ta)  and  eutectold- forming  (Cr, 
Fe,  Mn,  Si,  Cu,  and  Ag)  0-stabilizers.  The  latter  group  can  be  still 
further  divided  into  0-stabilizers  with  a  slow  eutectold  breakdown  (Mn, 
Cr,  Fe),  which  makes  it  possible  to  fix  the  0-phase  by  quenching,  and 
0-stabillzers  with  a  rapid  eutectold  breakdown  (Ni,  Cu,  Si),  where  the 
0-phase  is  not  fixed  and  only  martensitic  transformation  is  observed. 
Tin,  zirconium,  germanium,  hapnium,  and  thorium  occupy  a  special  place 
among  the  elements  used  for  alloying  titanium.  These  elements  have  a 
high  solubility  in  both  a-  end  0-titanium  and  have  only  a  very  slight 
Influence  on  the  allot ropic-convers ion  temperature  of  titanium  and  on 
alloy  structure.  They  are  consequently  referred  to  as  "neutral." 

A  two-phase  region  is  formed  when  titanium  is  alloyed  with  0-sta- 
bilizers,  expanding  as  the  alloying-element  concentration  increases. 

When  the  0-stablllzer  content  is  above  a  certain  critical  level,  e.g. , 
If>-16#  for  V  and  12-13#  for  Mo,  almost  pure  0-phase  can  be  fixed  at 
room  temperature  by  quenching  the  alloy  from  temperatures  at  which  the 
high-temperature  0-modlficatlon  exists.  Alloys  with  a  wide  range  of 
mechanical  and  technological  properties  can  be  produced  by  varying  the 
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relative  quantities  of  the  a-  and  p-phases.  Addition  of  p-stabilizers 
to  titanium  leads  to  an  increase  In  hot  strength  at  temperatures  of  up 
to  330-400°  and  an  increase  in  technological  characteristics,  especial¬ 
ly  susceptibility  to  hot  deformation,  since  the  alloy  now  contains  the 
P-phase,  which  is  plastic  at  the  temperatures  used  for  pressure  working. 

References:  See  article  entitled  Al'fa-stabllizatory  tltana  [Ti¬ 
tanium  Alpha-Stabilizers]. 

Ye. A.  Borisova 


TITANIUM  CASTING  ALLOYS  -  alloys  which  serve  for  malting  components 
by  casting  of  Intricate  shapes.  The  VT1-1  and  VT5  single-phase  a  alloys 
and  the  VTL-1  special  casting  alloy  (for  the  chemical  composition  see 
Titanium  alloys)  are  most  extensively  used  for  these  purposes.  The  ad¬ 
vantage  of  these  alloys  consists  In  excellent  weldability,  high  ther¬ 
mal  stability  after  being  held  for  prolonged  periods  of  time  at  eleva¬ 
ted  (up  to  500°)  temperatures,  and  also  by  their  high  plasticity  In 
the  cast  state.  Almost  all  the  titanium  shaping  alloys  can  be  used  as 
casting  alloys,  since  they  have  good  casting  properties  and  retain  a 
sufficiently  high  level  of  plasticity  in  the  cast  state. 

The  mechanical  properties  of  the  VT1-1,  TO  and  VTL-1  alloys  are 
presented  in  the  following  table: 


Mechanical  Properties  of  As-Cast  Alloys 
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6)  VTL-1.  M 


These  excellent  casting  properties  are  due  to  the  narrow  crystal¬ 
lization  interval  of  all  the  titanium  alloys.  The  castablllty  is  approx¬ 
imately  the  same  and,  when  determined  on  spiral  specimens  O.56  am 
thick  (cast  in  a  steel  mold  with  graphite  liners)  at  a  metal  tempera¬ 
ture  of  1850*  comprises  410-460  am;  the  linear  shrinkage  is  1%,  the 
volume  shrinkage  is  up  to  3. 0 %. 
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Metal  for  casting  intricate  shapes  Is  smelted  In  vacuum  arc  lined 
furnaces  with  a  graphite  crucible.  The  presence  of  the  lining  prevents 
the  molten  metal  from  coming  into  contact  with  the  graphite  with  the 
result  that  no  carbon  saturation  takes  place  in  a  normal  process.  The 
metal  is  poured  and  the  molds  cooled  either  in  an  inert  gases  atmos¬ 
phere  or  In  a  vacuum.  The  molds  are  made  from  graphite,  ceramic  mater¬ 
ials  or  metals  which  do  not  interact  with  molten  titanium  casting  al¬ 
loys.  Pouring  into  molds  can  be  either  gravity  or  by  the  centrifugal 
method. 

Titanium  casting  alloys  are  used  for  making  rings,  tubular  blanks, 
components  of  intricate  configuration;  they  can  also  be  successfully 
used  for  art  castings.  See  Weldable  titanium  shaping  alloys. 

References:  Titan  v  prcmyshlennosti  [Titanium  in  Industry].  Col¬ 
lection  of  articles  under  the  editorship  of  S.G.  Glazunov,  Moscow, 

1961;  Gulyayev,  B.  B. ,  Magnitskiy,  O.N.  and  Demidova,  A.  A.,  Lit 'ye  z 
tugoplavfclkh  metalloy  [Castings  from  Refractory  Metals],  Mo scow- Lenin¬ 
grad,  1964. 


Ye. A.  Borisova 
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TITANIUM  PIPES  -  are  produced  as  hot  rolled  or  cold  shaped  from 
commercial  titanium  of  various  groups  and  from  the  0T4-1,  0T4,  etc. , 
titanium  alloys.  Hot-shaped  pipes  as  well  as  blanks  for  cold -shaped 
pipes  are  In  a  number  of  cases  made  by  extrusion;  depending  on  the  di¬ 
mensions  and  on  the  metal  properties  they  are  obtained  directly  from 
the  cast  metal  or  aftei  pre-shaping  of  the  billets.  Hot -shaped  pipes 
are  made  with  diameters  50  to  325  mm  and  with  a  wall  thickness  from  3-6 
mm  to  13-35  mm#  respectively,  as  well  as  with  other  dimensions;  hot- 
rolled  pipes  are  made  with  diameters  of  75  and  more  mm. 

Cold-rolled  and  cold-drawn  pipes  are  supplied  with  diameters  of 
10-130  mm.  Pipes  10-60  mm  in  diameter  have  a  wall  thickness  from  0. 15- 
0. 16  mm  to  2-7  mm.  The  wall  thickness  of  large  diameter  pipes  is  within 
the  limits  from  2.  5-4  mm  to  9. 0  mm,  depending  on  the  diameter;  pipes 
with  a  diameter  less  than  10  can  also  be  made.  Hot -rolled  pipes  are 
supplied  in  nonstandard  lengths  from  1. 5  to  8  m,  and  in  standard  length 
from  2  to  8  m,  depending  on  the  diameter  and  wall  thickness.  Cold¬ 
shaped  pipes  are  supplied  in  nonstandard  lengths  from  4  to  7  m,  depend¬ 
ing  Oxi  the  wall  thickness,  and  in  standard  lengths  of  not  more  than  6 
m. 

Titanium  pipes  are  supplied  in  the  heat-treated  state,  in  the 
etched  state;  hot-rolled  pipes  can  be  machined  to  a  finish  of  V3~v4. 

By  the  state  of  the  outside  and  inside  surfaces,  cold -shaped  pipes  are 
supplied  of  standard  and  high  quality.  The  suppliers  guarantee  absence 
of  a  gas -saturated  layer  on  the  pipe  surfaces. 

Welded  titanium  pipes  are  used  extensively.  The  assortment  of 
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these  pipes  «lth  respect  to  dimensions  and  alloys  is  detenalned  by  the 
Pipe  welding  machines,  the  weldability  characteristics  of  the  alloys 
and  the  feasibility  of  making  ribbon,  needed  for  pipe  welding,  from 

these  alloys.  For  the  use  of  titanium  pipes  see  Titanium  Alloys.  Mela., 
ble  Titanium  Shaping  Alloys. 


N.F.  Anoshkin 


TITANIUM  PLATES  —  see  Titanium  sheets. 
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TITANIUM  FOIL  -  is  prepared  in  the  same  manner  as  the  strip  from 
iodide-titanium  or  commercial  titanium  of  diverse  grades. 

The  assortment  of  the  titanium  foils  and  strips  is  quoted  in  the 
Table. 

Assortment  of  Titanium 


Foils  and  Strips* 


T<uiuwifi  {mm) 

1 

Pflonyc*  no 
tojiuimhc  (jma) 

m«p«U  (mm) 

0,05 . 

-0,01 

20-150 

0.08 . 

-0,015 

20-200 

o.io  .  . 

—0 .02 

20-200 

0.12 . 

-0,02 

20-200 

0,15 . 

-0.03 

20-200 

0,20 . 

—0.03 

20-200 

0,25 . 

-0,03 

20-200 

0,30 . 

-0.0* 

20-200 

0.40 . 

-0.04 

20-200 

U  m  Oojim 

0.50 . 

-0.05 

7  20—200 

4  «  0mm 

*The  tolerance  in  width  is 
-1.0  mm  for  all  dimensions. 

1)  Thickness  (mm):  2)  tolerance  in  thickness  (mm);  3)  width  (mm);  4) 
and  more. 


The  titanium  foil  and  strip  are  prepared  from  the  flat  blank  by 
alternating  operations  of  cold  rolling  and  annealing  in  a  vacuum  or  In 
a  neutral  atmosphere.  The  strip  is,  ordinarily,  pickled  or  degassed  be¬ 
fore  the  annealing.  Titanium  foil  and  strip  are  available  both  In  an¬ 
nealed  and  in  cold  hardened  state.  The  final  annealing  i?  carried  on  in 
a  vacuum  in  order  to  remove  the  hydrogen  from  the  metal.  Titanium  foil 
and  strip  are  rolled  on  four-high  or  six-high  strip-rolling  mills;  the 
diminishing  of  the  thickness  of  the  finished  strip  and  foil  is  carried 
out  by  means  of  special  multiple-roll  boxes  or  on  hard  multiple-roll 
mills.  The  latter  allow  the  production  of  foils  with  a  thickness  of 
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0.01  mm  and  less. 

Titanium  foil  and  strip  are  delivered  in  tightly  rolled  rolls  or 
in  the  form  of  strips  of  the  required  length  according  to  special  TU, 
arranged  between  the  client  and  the  supplier,  which  concern  the  quality 
of  the  surface,  the  degree  of  warping,  the  weight  of  the  rolls  and 
other  requirements.  For  information  on  the  application  of  titanium  foil 
and  strip  see  Titanium  alloys. 

!’.F.  Anoshkin 
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TITANIUM  STAMPINGS.  Titanium  alloys  possess  a  limited  technologi¬ 
cal  plasticity  in  a  cold  state  and  a  high  one  in  a  hot  state.  There¬ 
fore,  the  treatment  by  pressure  is  carried  out  mainly  in  the  hot  state. 
Sheet-metal  stamping  is  also  carried  out  in  a  hot  state  heating  both 
the  blanks  and  the  tool.  Titanium  alloys  have  a  high  technological  plas¬ 
ticity  in  a  previously  deformed  (forged)  state,  and  a  considerably 
lower  one  in  a  cast  state.  Hence,  the  hot  deformation  of  cast  blanks, 
especially  by  rapidly  acting  hammers,  is  carried  out  carefully  (to 
avoid  the  destruction  and  crurhing  of  the  coarse  cast  structure).  The 
deformation  of  the  cast  metal  must  begin  at  temperatures  not  lower 
than  1000°.  The  permissible  degree  of  deformation,  especially  in  a 
cast  state,  drops  rapidly  when  lowering  the  temperature,  and  the  re¬ 
sistance  to  deformation  increases  at  the  same  time.  It  is  more  expe¬ 
dient  to  carry  out  the  forging  or  stamping  on  presses  at  temperatures 
higher  than  1000°  due  to  the  better  technological  plasticity  and  the 
minimum  of  resistance  to  deformation.  High  deformation  temperatures, 
however,  deteriorate  the  structure  and  reduce  the  mechanical  properties, 
especially  the  plasticity  (if).  Only  deformation  at  lower  temperatures 
(920-960°)  in  the  range  of  the  a  +  p  phases  provides  the  manufacture  of 
semi-products  with  a  good  structure  and  with  the  best  mechanical  proner- 
ties. 

Of  great  importance  are  not  only  the  deformation  temperature,  but 
also  the  degree  of  deformation  per  one  heating,  especially  during  the 
last  heating,  and  also  the  preliminary  treatment  of  the  metal  before 
the  final  forging  and  stamping,  and  the  cooling  conditions  after  the 
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hot  deformation.  The  mechanical  properties  of  the  hot  deformed  semipro¬ 
ducts  increase  with  an  increasing  deformation  degree.  A  supplementary 
increase  of  the  mechanical  properties  of  the  products  is  achievable  by 
a  quick  quenching  in  water  after  the  hot  deformation  instead  of  the 


usual  cooling  in  air. 

TABI£  1 

Temperature  Intervals  of  the  Drop  Forging  of  Titan 
ium  Alloys 
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weight  ofj  3)  less  them  1  kg  (blades,  etc.);  4)  1-5  kg  (blades,  etc.); 
5)  5-25  kg  (blades,  etc.);  6)  more  than  25  kg  (discs,  etc.);  7)  begin¬ 
ning,  not  higher  than;  8)  end,  not  lower  than;  9)  VT. . ;  10)  OT. .  . 


TABLE  2 


Temperature  Intervals  for 
Stamping  of  Titanium  Al¬ 
loys  on  Presses 
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1)  Alloy;  2)  temperature  interval  (°C)  for  the  stamping  on  presses  of 
blanks  with  a  weight  of;  3)  less  than  5  kg;  4)  between  5  and  25  kg;  5) 
more  than  25  kg;  6)  VT;  7)  OT. 
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The  conditions  of  heating  the  castings  and  blanks  (Tables  1  and 
2)  before  forging  or  stamping  must  be  strongly  observed  in  order  to 
provide  a  high  quality  of  the  objects  manufactured  by  means  of  hot 
forging  and  stamping. 

References;  Korneyev,  N. I.  and  Skugarev,  I.G. ,  Osnovy  fizikokhim- 
ich.  teorii  obrabotki  metallov  davleniyem  [Principles  of  the  Physico¬ 
chemical  Theory  of  the  Treatment  of  Metals  by  Pressure],  Moscow,  i960. 

V.Ya.  Kleymenov 
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TITANIUM  SHEET  is  produced  from  the  VT1  (two  groups),  CT4-1,  OT4, 
VT5-1,  VT4,  VT6S,  VT14  (VT14M  and  VT14T)  and  certain  other  alloys.  The 
sizes  of  titanium  sheet  most  often  used  In  Industry  are  shown  In  Table 
1. 

TABLE  1 

Titanium  Sheet  Sizes 

j  2  IIIkphiii  ametp  (mm ) 
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1)  Alloy;  2)  sheet  width  (mm);  3)  sheet  thickness  (mm); 

4)  VT1-1  and  VT1-2;  5)  VT5-1;  6)  VT6S;  7)  VT14M  and 
VT14T. 

The  sheets  are  usually  produced  In  lengths  to  2  meters.  Titanium 
sheet  of  larger  size  and  less  thickness  is  produced  in  accordance  with 
special  Specifications. 

The  technological  process  for  the  production  of  titanium  sheet  con¬ 
sists  of  the  following  basic  operations:  stamping  or  forging  of  slabs 
from  round  titanium  billets,  milling  (or  planing)  of  the  slab  surfaces, 
hot  rolling  of  the  slabs  into  strips,  etching  of  the  hot-rolled  strip 
after  breaking  up  the  scale  by  rolling  or  removal  of  the  scale  by  other 
methods,  then  "warm*'  (at  750-650*)  or  cold  rolling  with  intermediate 
heating  or  annealing,  and  the  final  finishing  operations  consisting  of 
various  comblnati.<ns  of  straightening  or  "warm"  rolling  on  rolling 
mills  to  achieve  the  required  flatness,  and  subsequent  annealing  and 
etching. 
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The  mechanical  properties  of  the  titanium  sheet  (Table  2)  for  all 
the  alloys  are  characterized  by  a  reduction  of  the  relative  elongation 
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Mechanical  Properties  of  Titanium  Uheet 
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*  }s  an  alloy  used  ln  the  annealed  condition; 

VT14T  Is  an  alloy  used  In  the  thermally  strengthened 
condition. 


1)  Thickness  of  sheet  (mm);  2)  (kg/ran2);  3)  VTl-1;  4) 
VT1"2»  5)  VT5-1;  61  VT6S;  7)  continued;  8)  (%,  not 
more  than);  9)  VTi4m»;  10)  (not  less  than);  VTUT. 


with  an  increase  of  the  sheet  thickness.  The  higher  values  of  the  elong¬ 
ation  on  the  thinner  sheets  are  achieved  as  a  result  of  the  greater  de¬ 
gree  cf  de format  ion  during  "warm"  rolling  (at  temperatures  significant¬ 
ly  below  the  temperatures  of  the  3  -*  a  +  3  transformations),  and  also 
the  use  of  cold  rolling. 

With  increase  of  the  -heet  thickness  there  is  a  reduction  of  the 
value  of  the  berd  angle  (Table  3)  determined  with  mandrel  thickness 
equal  to  one  (for  VT1)  or  one -and -a -ha If  (for  the  remaining  alloys) 
thicknesses  of  the  sheet  with  specimen  width  of  lb  mm. 

Cold  roiling  of  sheets  of  commercial  titanium  and  the  medium-al¬ 
loyed  alloys  in  combination  with  intermediate  annealing  in  vacuum  or  In 
an  inert  atmosphere  ensure  obtaining  sheets  with  shiny  surface  which  do 
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not  require  etching. 

The  most  typical  defects  of  the  titanium  sheet  are  surface  cracks, 
whose  formation  Is  associated  with  the  formation  and  subsequent  de¬ 
struction  of  the  surflclal  brittle  gas -saturated  layer,  unfavorable 
thermooechanlcal  conditions  during  hot  rolling,  and  also  high  degrees 

TABLE  3 

Bend  Angle  of  Titanium  Sheet 
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1)  Sheet  thickness  (mm);  2) 
bend  angle  (“,  not  less  than; 
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of  reduction  (between  anneals)  during  the  cold  rolling.  Prevention  of 
the  formation  of  a  sizable  gas-saturated  layer  or  its  timely  removal, 
as  well  as  proper  arrangement  of  the  fabrication  technological  process, 
provide  for  the  absence  of  cracks  on  the  sheet  surface. 

The  sheets  are  delivered  annealed  and  etched,  flat,  with  trimmed 
edges.  The  nature  of  the  acceptable  warping  and  the  surface  quality  are 
defined  by  the  current  specifications  and  tn  particular  cases  by  spe¬ 
cial  specifications. 

Fabrication  of  bimetallic  titanium-aluminum,  titanium-iron,  titan¬ 
ium-nickel  sheet  expands  the  field  of  application  of  titanium  sheet  in 
electronics,  chemical  industry  and  other  branches  of  mechanical  engi¬ 
neering  as  a  result  of  the  lower  cost  ( iron -titanium,  for  example)  or 
the  production  of  sheet  with  the  required  physico-mechanlcal  properties 
(titanium-copper,  titanium -nickel,  titanium-aluminum)  in  comparison 
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with  sheets  made  from  pure  titanium  or  its  alloys.  The  moot  promising 
method  for  prod-icing  bimetallic  sheet  is  the  method  involving  prelimi¬ 
nary  welding  of  a  packet  of  the  metals  by  high-temperature  heating  in  a 
vacuum  and  subsequent  hot  rolling  (iron -titanium,  titanium-nickel,  ti¬ 
tanium-copper)  or  by  cold  rolling  the  packet  with  large  degrees  of  re¬ 
duction  (titanium-aluminum).  The  intermediate  annealing  of  the  bimetal¬ 
lic  sheets  must  be  performed  at  the  lowest  possible  temperature  which 
will  provide  relieve  of  the  strain -hardening  but  does  not  lead  to  the 
growth  of  diffusion  and  the  formation  of  a  brittle  intermediate  layer. 

In  individual  cases  the  weldability  of  the  packets  during  vacuum  anneal¬ 
ing  or  deformation  is  provided  by  the  introduction  of  a  lamina  of  some 
other  metal  or  alloy. 

N.P.  Anoshkin 
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TITANIUM  STRIP ,  see  Titanium  Foil. 
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TITANIUM  WIRE.  This  wire  is  manufactured  from  VT1  and  other  titan¬ 
ium  alloys  and  is  employed  principally  as  welding  wire.  Titanium  wire 
is  produced  in  diameters  of  from  1.2  to  7  mm,  although  it  can  also  be 
manufactured  in  smaller  diameters  for  special  purposes.  Wire  1. 2-4.0 
mm  in  diameter  is  delivered  in  coils,  while  wire  more  than  4  mm  in  diam¬ 
eter  is  delivered  in  coils  or  bundles.  Titanium  wire  is  subjected  to 
tensile  and  bending  tests.  The  production  process  for  this  wire  con¬ 
sists  of  hot  rolling  of  forged  blanks  and  subsequent  cold  drawing.  The 
wire  is  delivered  in  the  annealed  state  with  its  surface  pickled.  Titan¬ 
ium  wire  intended  for  welding  is  subjected  to  vacuum  annealing.  The 
principal  TU  for  titanium  wire  is  ANTU  449-59. 

N.F.  Anoshkin 
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TOMBAC  -  copper-zinc  alloys  containing  from  88  to  97#  of  copper. 
Depending  on  the  copper  content,  the  color  of  tombac  varies  from  red 
(97#  Cu)  to  yellow  (88#  Cu).  Tombac  includes  shaping  brasses  (GOST 
1019-47)  of  the  L96  (96#  Cu  and  4#  Zn )  and  L90  (90#  Cu  and  10#  Zn) 
brands. 

Tombac  has  a  slightly  higher  strength  and  hardness  than  copper  and 
a  good  hot  and  cold  plasticity.  Depending  on  the  copper  content  and  the 
state  of  the  material,  the  ultimate  strength  of  tombac  comprises  from 
22  to  60  kg/mm2  and  the  relative  elongation  is  from  3  to  60#. 

Tombac  is  a  highly  corrosion -resistant  metal,  has  no  tendency  to 
corrosion  cracking  even  in  a  humid  atmosphere  containing  ammonia  and 
sulfur  dioxide  admixtures.  In  comparison  with  other  tombac  brands,  L96 
has  the  highest  thermal  conductivity,  for  which  reason  it  is  used  for 
making  radiator  and  condenser  tubes.  L90  brand  tombac  welds  well  with 
steel,  in  conjunction  with  which  it  is  used  for  making  the  steel -brass 
bimetal.  Due  to  its  goldish  color,  L90  tombac  is  used  for  art  articles, 
rewards  for  excellence  and  accessories.  For  the  properties  of  tombac, 
see  in  the  article  Shaping  Brass. 

Ye.S.  Shpichinetskiy 


4166 


J  -HAD 


TOOL  SHAPING  BRONZE  -  a  bronze  intended  for  the  manufacture  of  in¬ 
strument  and  apparatus  components.  Any  type  of  tin,  aluminum,  or  other 
shaping  bronze  can  be  used  when  high  strength  is  required  (see  Struc¬ 
tural  shaping  bronze).  Strips,  bands,  and  wire  of  tin,  beryllium,  alum- 
TABLE  i 

Mechanical  Properties  of  Tool  Shaping 
Bronzes 


CruiaH 

5  MKa 
TM  . 

6  Ti.fi  . 


1)  Alloy;  2)  chemical  composition  (content  of  alloying  elements);  3) 
condition  of  material;  4)  kg/mmd;  5)  MKd;  6)  Tob;  7)  soft;  8)  hard. 
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TABLE  2 


Physical  and  Technolc  ,:ical  Properties  of  Tool  Shap¬ 
ing  Bronzes 
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l)  Alloy;  2)  g/cm^;  3)  ohm»mm  /m;  4)  hot-working  temperature;  5)  an¬ 
nealing  temperature  { 6C ) ;  6)  temperature  coefficient  of  electrical 
resistance;  7)  electrical  conductivity  {%  of  conductivity  of  pure  cop¬ 
per);  8)  MKd;  9)  Tob. 


inum,  and  other  bronzes  are  used  in  the  production  of  elastic  elements, 
such  as  flat  and  helical  springs  (see  Spring  shaping  bronze,  Beryllium 
bronze). 
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TABLE  3 

Corrosion  Resistance  of  Alum¬ 
inum  Bronzes 
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TABLE  4 

Acid  Resistance  of  BrKMts3-l 
Bronze  at  Different  Temper¬ 
atures 
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l)  Acid  concentration;  2) 
acetic;  3)  hydrochloric;  4) 
sulfuric;  5)  loss  in  weight 
(g). 


Corrosion  resistance  under  atmospheric  conditions  is  important  for 
a  substantial  majority  of  Instruments,  while  resistance  to  various  ag¬ 
gressive  media  is  important  in  chemical-apparatus  building.  The  compon¬ 
ents  of  many  instruments  must  have  high  electrical  conductivity  and  be 
readily  cuttable.  Tin-phosphorus,  tin-zinc,  and  tin-zinc-lead  bronzes, 
which  are  produced  in  bars  and  bands,  are  rather  strong,  corrosion- re¬ 
sistant,  and  quite  cuttable.  Aluminum,  beryllium,  and  silicon-manganese 
(BrKMt83-l)  bronzes  have  high  corrosion  resistance.  Cadmium  bronze  and 
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TM  and  Tob  telephone-wire  bronzes  are  used  in  the  manufacture  of  cur¬ 
rent-carrying  components.  Tables  1  and  2  show  the  typical  mechanical  and 
physical  properties  of  certain  alloys,  while  Tables  3  and  4  show  their 
corrosion  resistance. 
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TOOL  STEEL  -  is  a  steel  with  a  high  carbon  content,  destined  for 
the  production  of  diverse  tools,  mostly  of  their  working  parts  only. 
The  high  carbon  content  depends  on  the  required  hardness  of  the  tool. 
All  high-carbon  steels  are  termed  tool  steels  although  they  may  be 
utilized  not  only  for  the  production  of  tools.  Tool  steel  contents,  as 
a  rule,  more  than  0.6-0. 7#  C;  tool  steels  destined  for  the  production 
of  certain  tools,  for  example,  of  dies  for  drop  forging  of  metals, 
holing  punches,  snap  hammers,  etc.,  which  contain  only  0.3-0. 6%  C,  are 
an  exception. 

Tool  steels  are  divided  into  three  main  groups:  carbon  steels, 
alloy  steels,  and  high-speed  (high-alloy)  steels. 

Carbon  tool  steels.  The  composition  of  the  mostly  widespread  car¬ 
bon  tool  steels  is  given  in  Table  1. 


TABLE  1 

Content  of  Elements  in  Carbor.  Tool  Steels  (%)* 
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*  The  number  behind  the  character  U  denotes  the  mean 
carbon  content  in  tenths  of  percent. 

1)  Steel;  2)  U;  3)  less  than. 


Carbon  tool  steels  differ  from  any  other  by  their  carbon  content, 
the  content  in  other  elements  is  low  and  is  cuased  either  by  the  neces¬ 
sity  to  add  them  for  deoxidation  of  the  steel  (manganese,  silicon)  or 
by  the  impossibility  to  remove  them  (sulfur,  phosphorus).  The  character 
A  (U7A,  u*A,  etc.  )  is  added  to  the  grade  symbol  of  the  steel  if  the 
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sulfur  content  is  lower  than  0.03#  and  the  phosphorus  content  is  lower 
than  0. 04#.  a  peculiarity  of  the  heat  treatment  of  carbon  tool  steels 
is  the  fact  that,  after  the  hardening  heating  at  the  temperatures  used 
in  practice  (78O-8OO0  for  U7;  770-790°  for  U8;  76O-78O0  for  U10-U12, 
the  cooling  must  be  carried  out  in  water  because  of  the  high  critical 
hardening  of  these  steels.  This  causes  a  tempering  of  the  carbon  tool 
steels  in  a  small  depth  only.  The  necessity  to  use  water  for  the  hard¬ 
ening  of  tools  from  carbon  steels  involves  the  risk  of  formation  of 
quenching  cracks,  especially  in  the  case  of  heating  above  the  mentioned 
temperatures  and  also  in  that  of  an  excessively  rapid  quenching.  Hiere- 
fore,  large  tools  or  tools  with  abrupt  changes  in  the  cross  section 
must  not  be  produced  from  carbon  but  from  alloy  tool  steel,  which  per¬ 
mits  one  to  apply  oil  as  a  quenching  medium.  The  steels  listed  in  Table 
1  have  a  hardness  of  62-64  RC  in  a  hardened  state.  A  higher  tempering 
(150-350°),  causing  a  reduction  of  the  hardness  to  58-50  RC,  is  applied 
when  the  toughness  of  the  hardened  carbon  tool  steel  must  be  boosted, 
for  example,  in  the  production  of  nibs  or  of  locksmith's  tools. 

Diverse  cutting  toos,  especially  small  tools  for  manual  labor,  as 
taps,  drills,  chisels,  broaches,  files,  etc.,  locksmith's  and  joiner's 
tools  as  locksmith's  chisels,  cutting  edges  for  planes,  wood  saws, 
punches,  screw  drivers,  axes,  and  marking  irons,  measuring  tools  as 
gages,  checking  devices,  micrometers,  etc.,  surgical  instruments,  sim¬ 
ple  shaped  dies  for  drop  forging  and  cold  pressing,  etc.,  are  produced 

from  carbon  tool  steels.  The  carbon  tool  steels  with  lower  carbon  con¬ 
tent  (U7,  U8),  characterized  by  a  higher  impact  strength,  are  used  if 
the  tool  is  exposed  to  impact  loads  during  working  (chisels,  marking 
irons,  etc.).  Steel  with  higher  carbon  content  (U12),  which  possesses 
an  elevated  wearing  resistance  due  to  the  higher  content  in  iron  car¬ 
bides,  is  used  if  keenness  is  required  (files). 
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Carbon  steel  with  a  high  carbon  content  and  high  hardness  in  a 
hardened  and  tempered  state  is  used  not  for  the  production  of  tools 
only:  the  U8  and  U10  carbon  steels  are  used  for  the  production  of  wires, 
springs,  membranes,  vehicle  springs  and  other  parts  requiring  a  high 
elasticity;  U6  and  U8  are  used  for  the  production  of  side-arms;  the 
composition  of  the  U6  and  U7  steels  is  near  to  that  of  rail  steel  from 
which  rails  are  produced. 

Alloy  tool  steels.  The  composition  of  the  mostly  widespread  Soviet 
alloy  tool  steels  is  given  in  Table  2.  The  content  of  sulfur  and  phos¬ 
phorus  in  alloy  tool  steels  must  not  be  greater  than  0. 03&  The  alloy 
tool  steels  listed  in  Table  2  are  widely  used  for  diverse  purposes.  The 
Kh  and  9KhS  steels  are  used  for  cutting  and  measuring  tools  of  both 
compact  and  complicated  shape  because  they  are  well  hardenable  in  oil, 
and  formation  of  cracks  occurs  more  rarely  than  in  carbon  tool  steels. 
The  KhG  and  KhVG  steels,  so-called  low-malleable  steels,  are  charac¬ 
terized  by  a  high  hardness,  and  the  shape  of  objects  prepared  from  them 
changes  only  insignificantly  during  hardening,  a  fact  which  is  impor¬ 
tant  in  the  production  of  gages  and  a  number  of  other  tools,  and  also 
of  parts  of  precision  tools.  KhV5  steel,  the  so-called  diamond  or  cut¬ 
ting  steel,  possesses  and  extraordinarily  high  hardness  in  the  hardened 
state  (up  to  67-68  RC)  and  is  used  for  cutting  thin  chips  from  hard 
materials  as  refined  cast  iron,  rock,  glass,  etc.  Gages  (with  a  small 
deformation  in  hardening),  running  rollers,  cutting  tools,  chisels  and 
other  tools  for  metal  machining  at  conditions  intermediate  between 
those  for  tools  from  carbon  and  alloy  steel  on  the  one  hand,  and  for 
tools  from  high-speed  si  eel  on  the  ether,  are  made  from  KhlSFl  or  Khl3*. 
steel;  the  same  steels  are  used  for  cold  pressing  dies.  The  steels 
ICh6VF,  Khl2Fl,  Khl2M,  7Kh3,  UKhS,  3KhV8,  5KMW  are  termed  die  steels. 
They  are  used  for  relatively  heavy  die  stamping  work,  whereas  for  light 
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working  the  carbon  steels  U7  and  U8  are  used.  7Kh3  steel  is  destined 
preponderantly  for  dies  machining  the  metal  in  cold  pressing,  and  also 
for  stemping.  4KhS  steel,  characterized  by  a  high  toughness  caused  by  a 
lower  carbon  content  compared  with  that  of  other  tool  steels,  is  used 
for  impact  pressing  tools  and  chisels  of  pneumatic  drills.  Tools  for 
highly  responsible  purposes  dies  for  die  casting  of  metals,  for  example, 
are  made  from  3KhV8  steel.  5KhNM  steel  and  the  steels  5KhNS  and  5KhnV, 
which  are  not  listed  in  Table  2,  and  also  other  similar  steels  contain- 
ing  about  0.5#  C,  1#  Cr,  and  1.5#  hi,  are  used  for  making  forging  dies 
of  mean  and  large  sizes. 


TABLE  2 

Content  of  Elements  in  Alloy  Too.  ^oeels  (in  #)* 
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*  The  characters  in  the  mark  stand  for:  Kh  =  chromium; 

£  -  silicon;  G  *  manganese;  V  =  tungsten;  F  =  vana¬ 
dium;  the  figure  behind  the  characters  signifies  the 
average  content  of  the  given  element. 

1)  Steel;  2)  Kh;  3)  QKhS;  4)  KhG;  5)  Kh TO;  6)  KhV5; 

7)  Kh6VF;  8;  Khl2Fl;  9)  Khl?M;  10)  4»iS;  11)  7Kh3; 

12)  4Kh2V8;  13)  4Kh5V2FS;  14)  5KhNM;  15,  less  than. 

The  conditions  of  the  heat  treatment  of  alloy  tool  steels  arc 
given  in  Table  5.  Alloy  tool  steels  are  founded  in  electric  steel-melt¬ 
ing  furnaces.  Those  which  have  a  low  carbon  content  and  do  not  contain 
tungsten,  may  be  melted  at  certain  technological  conditions  in  Martin 
furnaces  also. 

High-speed  tool  steels  differ  from  the  other  tool  steels  in  the 
fact  that  tools  made  from  them  may  operate  at  relatively  high  cutting 
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speeds.  This  is  based  on  the  red-hardness  of  the  high-::  pood  steels, 
i.e.,  on  their  property  to  maintain  the  hardness  obtained  in  hardening 


TABLE  3 

Conditions  for  the  Heat  Treatment  of  Alloy  fool  Cteels 


*  Cold  treatment  is  carried  out  before  the  tempering. 

**  The  lower  values  of  hardness  correspond  to  the  tem¬ 
pering  at  the  higher  temperature  given  in  the  fore¬ 
going  column,  the  higher  ones  -  to  the  tempering  at 
the  lower  temperature. 

***  According  to  Brlnell. 

1)  Steel;  2)  hardening  temperature  (°C);  3)  quenching 
temperature  (°C);  4)  cooling  medium  for  hardening;  5) 
hardness  after  quenching  (RC);  6)  tempering  tempera¬ 
ture  (°C);  7)  hardness  after  tempering**  (RC);  8d  Kh; 
9)  9KhS;  10)  KhVG;  11)  KhV5;  12)  Khl2Fl;  13)  5KhNV; 
14)  oil;  15)  the  same;  16)  water. 


also  after  heating  up  to  red  heat  (6OC-65O0)  (see  High-speed  Steel). 

The  permissible  heating  temperature  (without  softening)  of  carbon  and 
alloyed  tool  steels  docs  not  exceed  200-250°  (for  special  hard  alloys 
thie  temperature  reaches  QOO-IOOC0). 

Alloy  steels  do  :*wt  have  beeter  cutting  properties  than  carbon 
steels.  The  steel  of  the  Khl2  grade  (i.e.,  containing  11-12;?  Cr',  sub¬ 
mitted  to  heat  treatment  for  the  so-called  secondary  hardness,  i.e., 
hardening,  cold  treatment,  and  tempering  at  high  temperature  (see  Table 
3,  Khl2Fl  steel),  has  an  intermediate  position  between  the  alloy  and 
high-speed  steels.  An  approximate  scheme  for  the  suitable  seienicn  t: 
tool  steels  for  diverse  tools  i;  given  in  Table  4. 

A  gradually  decrease  in  the  consumption  of  carter,  tool  steels  and 
also  high-speed  steels  is  observable,  the  latter  tei:*;  replaced  by 


hard 


I-17I5 

alloys.  The  demand  for  cermets  does  rise. 

Many  of  tool  steels  are  used  for  the  production  of  diverse  machine 
parts  which  are  exposed  to  high  stresses.  When  tool  steels  are  used  for 
these  purposes,  it  must  be  taken  into  account  that  the  hardness  de- 


TABLE  4 


1)  Steel;  2)  U8,  U12:  3)  Kh,  Kh9;  4)  9KhS;  5)  KhG;  6)  KhV5;  7)  KhlCFl, 
8)  3KhNS,  5KhNV;  9)  4KhS,  4KhVS;  10)  7Kh3;  11)  3KhV8;  12)  high-speed 
steels;  13)  tools;  14)  metal  cutting  tools  (light  cutting  ccnditions); 
15)  metal  cutting  tools  (heavy  cutting  conditions);  16)  files;  17) 
metal  saws;  18)  measuring  tools;  19)  tools  which  shall  not  deformate  at 
hardening;  20)  tool  for  diamond  boring;  21)  knurling  dies;  22)  upset¬ 
ting  and  embossing  dies;  23)  dies  for  cold  pressing;  24)  draw  plates; 
25)  dies  for  die  casting. 


ircaces  and  the  tensile  strength 


increases  wr.en  the  Inferior  tempering 


tom;  nature  is  raised. 

Kh  steel  and  its  diverse  modifications  are  used  as  ball-bearing 
steel.  Practically,  the  composition  of  the  tool  cf  the  Kh  grade  and 
that  of  the  mostly  widespread  ball-bearing  steel  ShKhl5  are  Identical, 
a  difference  exists  only  in  the  fact  that  the  latter  must  answer  high 
requirements  w 1 „h  regard  to  nonmetallic  inclusions.  Steels  for  impact 
tools  (grades  ‘♦KhS,  5KhNM,  U  KJv.  VTPS,  etc.  )  have  a  high  strength 
(e^  *  2CQ  Kg/.att  )  and  a  sufficient  toughness  (a^  =  2— *  kgm/c®‘  ).  Many 
modifications  of  die  steels  for  impact  tools  are  used  as  high-strength 
steel.  Parts  of  equipments  (parts  of  heating  equipments,  for  example) 
are  made  from  tool  steels  when  high  resistance  to  wear,  maintaining  of 
the  si2e  and  absence  of  impacts  are  required;  the  insufficient  tough- 
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ness  and  plasticity  of  these  steels  does  not  hinder  their  application. 

References:  Goller  Yu.A. ,  Instrumental'nyye  stall  [Tool  Steel], 

2nd  edition,  Moscow,  1961;  C  ilyayev  A.  P. ,  Malinina  K.  A. ,  Severina  S.M. , 
Instrjynental'nyye  stall.  Svoystva  i  termicheskaya  obrabotka.  [Tool 
Steels.  Properties  and  Heat  Treatment],  a  handbook,  Moscow,  1961; 
Gulyayev  A.  P. ,  Met alio vedeniye  [Metal  Science],  2nd  edition,  Moscow, 
1951;  Mashinostroyeniye  [Machine  Building],  an  encyclopedic  dictionary, 
Vcl.  3,  Moscow,  19^7,  Chapter  8;  Termichesk&ya  obrabotka  instrumental 1  - 
nykh  Staley  [Heat  Treatment  of  Tool  Steels],  Collection,  edited  by  A.  P. 
Gulyayev,  Moscow,  1951* 


A.  P.  Gulyayev 
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TOPAZ  -  mineral  of  the  silicate  group.  Its  color  varies  depending 
on  the  mechanical  admixtures;  colorless  (water  transparent),  yellow, 
blue,  violet,  green  and  pink  topaz  is  encountered.  After  prolonged  ef¬ 
fect  of  sunlight  the  color  fades.  Mohs  hardness  8,  specific  gravity 
3.52-3.57-  Specific  heat  at  50°  0. 83  joules /g. 

When  heated  in  the  range  of  300-1400  it  loses  water  and  fluorine. 
When  roasted  to  1000°  it  retains  its  properties;  at  1100-1500  it  is 
transformed  into  mullite.  Thermal  expansion  at  ^OO0  is  1.210.  Decompo¬ 
sition  of  topaz  produces  a  pure  mullite  roast.'  ig  product  which  is  used 
in  the  production  of  refractories.  The  difficulty  in  roasting  of  topaz 
consists  in  the  aggressive  effect  of  fluorine  which  is  thus  liberated. 
Topaz  is  used  in  the  production  of  cast  mullite  high-alumina  refractor¬ 
ies,  similar  to  sillimanite.  The  use  of  topaz  is  particularly  effective 
in  glass  production,  electric  steel  smelting  furnaces,  in  the  produc¬ 
tion  of  electrical  porcelain  and  other  refractory  and  ceramic  materi¬ 
als.  Due  to  its  high  hardness  topaz  is  used  as  an  abrasive  (particular¬ 
ly  fine-grained  topaz  stone).  Transparent,  beautifully  colored  topaz 
crystals  or  pebbles  have  been  long  used  as  precious  stones.  Require¬ 
ments  to  topaz  have  not  been  elaborated  in  detail. 

References:  Stuckey,  J. L.  and  Amero,  J.  J. ,  Physical  Properties  of 
Massive  Topaz,  "J.  Amer.  Ceram.  Soc.  ,"  Vol.  24,  No.  3,  1941;  Burgess, 

B.  C. ,  Topaz  -  a  New  Industrial  Mineral,  "Engng.  and  Mining  J. ,"  Vol. 

242,  1941;  by  the  same  author,  Topaz  Development  as  a  Source  of  Alumi¬ 
na,  "Bull.  Amer.  Ceram.  Soc. ,"  Vol.  21,  No.  1,  1942. 

P.  P.  Smolin 
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TORSION  TEST  -  is  a  statistical  test  of  materials  in  which  the 
specimen  (as  a  rule,  with  a  round  cross  section)  is  loaded  with  two 
opposite  couples  applied  on  the  ends  of  the  specimen  and  acting  in 
planes  perpendicular  to  its  longitudinal  axis  ("pure  shearing"  stress). 
The  torsion  test  is  applied  to  determine  the  strength  and  plasticity  of 
materials  used  for  the  production  of  machine  parts  operating  under 
torsion  stress  (of  shafts  for  diverse  purposes,  for  example)  and  also 
to  evaluate  the  plasticity  of  brittle  and  high-strength  materials  (of 
low-tempered  alloyed  steels,  for  example),  which  is  difficult  or  impos¬ 
sible  to  determine  in  tensile  or  bending  tests.  The  machines  for  the 
torsion  test  (K-20,  K-50,  for  example)  are  usually  provided  with  dia¬ 
gram  recorders  automatically  recording  the  torsion  curve  of  the  speci¬ 
men  in  "twist  v.  s.  torsional  moment"  coordinates  during  the  test.  The 
proportional  limit  Tpts»  the  conditional  yield  strength  y  the  con¬ 
ditional  torsion  strength  t^,  the  ultimate  elasticity  Tup,  and  the 
modulus  of  torsion  G  are  determined  using  the  formulae  for  the  calcula¬ 
tion  of  tangential  stresses  at  elastic  torsion  (GOST  3565-58).  The  true 
torsion  strength  t^  is  calculated  by  the  formula  utilizing  the  torsion 
curve.  The  torsional  plasticity  is  evaluated  from  the  limit  torsion  an¬ 
gle  of  the  working  part  of  the  specimen  or  on  basis  of  the  magnitude  of 
the  relative  shift. 

References:  Shaposhnlkov  N. A. ,  Mekhanicheskiye  ispyt&niya  metallov 
[Mechanical  Tests  of  Metals),  2nd  edition,  Moscc.  .-Leningrad,  195^; 
Fridman  Ya.  B. ,  Mekhanicheskiye  svoystva  metallov  [Mechanical  Properties 
of  Metals],  2nd  edition,  Moscow,  1952. 
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TORSION  TESTING  -  determination  of  the  ability  of  metal  wire  to 
undergo  plastic  deformation  on  repeated  twisting  in  the  same  or  alter¬ 
nate  directions.  Torsion  tests  are  conducted  in  devices  or  machines 
(GOST  15^5-63).  The  calculated  specimen  length  =  100  d  (where  d  is 
the  wire  diameter),  but  should  be  no  less  than  50  mm  and  no  more  than 
500  mm.  The  specimen  is  held  under  tension  (equal  to  2#  of  the  tensile 
strength  of  the  wire  to  be  tested)  in  clamps,  one  of  which  can  only  be 
displaced  longitudinally,  while  the  other  can  only  rotate  about  the 
specimen  axis.  The  specimen  is  given  successive  twists  in  the  same  di¬ 
rection  (at  a  speed  of  approximately  60  rpm  for  wire  less  than  3  mm  in 
diameter  and  approximately  30  rpm  for  wire  3  mm  or  more  in  diameter) 
until  it  fractures;  the  test  is  invalid  when  fracture  occurs  near  the 
clamps  (less  than  3  mm  away)  or  when  the  test  is  interrupted.  The  meas¬ 
ure  of  plasticity  in  this  type  of  testing  is  the  number  of  twists  to 
fracture.  One  twist  is  assumed  to  be  one  complete  revolution  (360*  of 
the  rotating  end  of  the  specimen,  regardless  of  the  torsion  direction. 
When  this  direction  alternates  the  number  of  alternate  twist;,  is  noted. 
The  type  of  fracture  and  the  surface  condition  of  the  twisted  wire  per¬ 
mit  detection  of  non uniformities  and  defects  such  as  separation,  crack¬ 
ing,  etc.  in  the  material  (see  Technological  testing). 

References:  Avdeyev,  V.A. ,  Tekhnika  opredeleniya  mekhanicheskikh 
svoystv  materlalov  [Techniques  for  Determining  the  Mechanical  Proper 
ties  of  Materials],  3rd  Edition,  Moscow,  1958. 

N.V.  Kadotnova 
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TOTAL  PATIOUE  PROBAHILITy  DIAGRAM  -  graphical  relationship  between 
the  endurance  and  the  maximum  stress  of  the  cycle  and  the  probability 
of  specimen  failure.  The  total  failure  probability  diagram  is  con¬ 
structed  on  the  basis  of  results  of  fatigue  tests  on  15-20  specimens 
for  each  of  the  three-four  stress  levels.  After  the  distribution  func¬ 
tion  is  substantiated  and  the  parameters  of  this  function  determined, 
the  results  of  fatigue  tests  can  be  represented  in  the  form  of  any  of 
three  total  fatigue  probability  diagram,  depicted  in  three  quadrant 
(Pig.  1).  The  coordinates  in  the  first  quadrant  are  (omaks>  N),  while 
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Pig.  1.  Three  forms  of  total  fatigue  probability  diagrams  and  their  in¬ 
terrelationship. 

the  failure  probability  P  serves  as  the  parameter.  These  curves  are  al¬ 
so  called  endurance  curves  for  different  failure  probabilities.  The  co¬ 
ordinates  in  the  second  quadrant  are  (cmaks,  P)  and  N  i3  the  parameter. 
Curves  in  the  second  quadrant  are  the  distribution  of  the  fatigue  lim¬ 
its  for  various  bases.  Curves  in  the  third  quadrant  are  constructed  In 
the  (P,  N)  coordinates  with  a  ^  as  the  parameter  and  are  endurance 
distribution  curves  for  the  specified  stress  levels.  Any  of  the  three 
endurance  diagrams  can  be  used  as  a  basis  for  constructing  the  other 
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two.  Total  fatigue  probability  curves  depicted  in  the  first  and  third 
quadrants  have  come  into  the  more  extensive  practical  use.  Figure  2 
shows  endurance  distribution  curves  for  specimens  6.  74  mm  in  diameter 


Fig.  2.  Endurance  distribution  curves  for  specimens  from  the  V95  alumi¬ 
num  alloy  at  three  stress  levels.  A)  Kg/mm^. 


made  from  the  V95  aluminum  alloy,  rigidly  supported  at  one  end  and 
tested  for  flexure  with  rotation  at  three  stress  levels. 

References:  Serensen,  S.V.  [ez  al. ],  Issledovaniye  rasseyaniya 
kharakteristik  vynoslivosti  konst ruktsionnykh  alyumlniyevykh  splavov  v 
svyazi  s  tekhnologiyey  ikh  proizvodstva  [Study  of  the  Scattering  of  En¬ 
durance  Characteristics  of  Structural  Aluminum  Alloys  in  Conjunction 
with  the  Production  Processes  Used  in  Their  Fabrication],  "Tr.  Mosk. 
avlats.  tekhnol.  in-ta"  [Transactions  of  the  Moscow  Institute  of  Avia¬ 
tion  Technology],  Issue  35,  1958* 
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TOURMAUNE  -  mineral  of  the  boron -containing  aluminosilicate 
group.  Specific  gravity  2.90-3*25,  Mohs  hardness  7-7*5*  The  hardness  in 
the  direction  perpendicular  to  the  c-axis  is  higher  than  in  the  direc¬ 
tion  parallel  to  it.  The  color  of  tourmaline  depends  on  its  chemical 
composition.  Magnesium  varieties  of  tourmaline  are  called  dravite,  iron 
varieties  are  called  schorl,  lithium  varieties  are  called  albaite, 
while  alumina-rich  varieties  have  no  name.  Varieties  which  do  not  con¬ 
tain  iron  or  which  are  iron-poor,  are  colored  in  various  shades  of  the 
green,  pink,  and  red  colors.  Iron  varieties  are  Intensely  colored  in 
the  colors:  red  (schorl),  dark  green  (verdelite),  dark  blue  (indigo- 
lite);  dark  red  tourmaline  is  called  rubellite.  Tourmaline  crystals  are 
characteristic  by  their  piro-  and  piezoelectric  properties,  they  are 
electrified  by  heating,  rubbing,  pressure;  here  one  end  of  the  crystal 
is  charged  positively  while  the  other  negatively.  Tourmaline  is  fre¬ 
quently  encountered  in  association  with  other  minerals  in  pegmatites, 
not  infrequently  it  Is  observed  in  hydrothermal  ore  deposits.  Large 
tourmaline  crystals  are  used  in  radio  equipment. 

References:  Betekhtin,  A.G. ,  Kurs  mineralogii  [A  Course  in  Miner¬ 
alogy],  3rd  edition,  Moscow,  1961;  Belov,  N.V.  and  Belova,  Ye.N.  Kris- 
tallicheskaya  struktura  turmaline  [The  Crystal  Structure  of  Tourmaline], 
"BAN  SSSR*  [Proceedings  of  the  Academy  of  Sciences  USSR],  Vol.  69,  No. 

2,  1949* 

V.  P.  Butuzov 
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TRACER  ATOM  METHOD  In  the  study  of  metals.  Tracer  atoms,  i.e., 
atoms  artificially  introduced  or  created  in  the  specimen  being  studied, 
differ  from  the  other  atoms  of  the  same  element  in  composition  of  the 
nucleus  (isomers).  As  tracer  atoms,  use  is  made  primarily  of  the  radio¬ 
active  isotopes  or  isomers  which  are  convenient  for  recording  because 
of  their  radiation,  sometimes  use  is  also  made  of  the  stable  isotopes 
which  can  be  detected  by  mass  spectrographic  analysis.  In  comparison 
with  the  chemical  and  spectroscopic  methods  of  study,  the  tracer  atom 
method,  dependin  g  on  the  half-life  of  the  radioactive  isotope  being  u 
used,  is  more  sensitive  by  millions  and  or  billions  of  times.  The  exist¬ 
ence  of  radioactive  isotopes  of  nearly  all  the  elements  (about  1100 
artificially  radioactive  isotopes  and  250  stable  isotopes  are  known) 
makes  the  tracer  atom  method  very  universal.  Among  the  methods  for  re¬ 
cording  the  radioactive  radiation  of  the  tracer  atoms,  wide  use  is  made 
of  the  photographic  and  electrical  methods.  Among  the  photographic  meth¬ 
ods  the  widest  use  has  been  made  of  the  autoradiographic  and  trace-coun¬ 
ting  methods.  They  are  both  bosed  on  the  fact  that  the  radioactive  radi¬ 
ation,  similar  to  visible  light,  acts  on  the  photographic  emulsion  and 
causes  it  to  darken.  In  the  electrical  methods  a  recording  is  made  of 
the  electrical  current  or  the  charge  which  arise  with  interaction  of 
radiation  with  matter  (ionization,  photoeffect,  etc.). 

The  tracer  atom  method  is  used  with  success  for  the  study  of  the 
metals,  particularly  the  internal  structure  of  the  metallic  alloys  and 
the  processes  which  take  place  in  them  (distribution  of  the  elements  in 
the  alloys,  diffusion  and  interatomic  interaction,  phase  analysis), 
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metal  friction  and  wear  processes,  and  also  in  the  study  of  the  metal¬ 
lurgical  processes,  technological  operations,  etc. 

Study  of  the  distribution  of  the  elements  in  alloys.  Real  metals 
and  alloys  are  nonhomogene ous  in  structure,  and  the  processes  leading 
to  structure  variation  are  of  a  local  nature.  An  effective  and  direct 
means  for  studying  nonuniformities  of  the  metallic  alloys  is  the  auto¬ 
radiography  method.  In  the  specimen  of  an  alloy  containing  a  radioac¬ 
tive  additive,  after  exposition  and  development  there  arises  a  picture 
of  the  additive  distribution  in  the  alloy  (autoradiogram).  To  obtain  re 
suits,  i.e.,  a  sharp  image  with  adequately  high  resolving  power,  it  is 
necessary  during  autoradiography  to  provide  for  tight  and  uniform  con¬ 
tact  between  the  specimen  being  studied  and  the  photo  emulsion,  irradi¬ 
ate  thin  specimens,  eliminate  the  possibility  of  chemical  interaction 
of  the  photo  emulsion  and  the  metallic  specimen,  use  photo  emulsions 
whicn  are  sensitive  to  radioactive  radiation  and  suitable  for  radio¬ 
graphy.  Usually  the  emulsion  layers  used  are  markde  by  small  thickness 
(3-10  microns),  high  concentration  of  silver  halide  (more  than  8<$)  and 
small  grain  size  (0.1-0. 5  microns).  To  improve  the  contact  between  the 
specimen  and  the  photo  emulsion,  use  is  nude  of  the  method  of  pouring 
liquid  emulsion  over  the  specimen,  strippuble  emulsions,  and  the  like. 
The  most  perfect  contact  provides  for  a  resolving  power  of  about  1  mic¬ 
ron. 

The  chemicel  nonhomogeneity  of  an  alloy  may  be  evaluated  quantita¬ 
tively.  In  quantitative  autoradiography  use  is  made  of  cither  the  trace 
counting  method,  when  the  content  of  the  radioactive  substance  in  the 
alloys  is  determined  from  the  number  of  traces  left  in  the  emulsion  by 
the  radiation,  or  the  method  of  contrast  autoradiography,  when  the  con¬ 
tent  of  the  element  is  determined  by  measuring  the  darkening  density, 
i.e.,  by  photometric  analysis  of  the  radioautographs. 
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Alloys  with  radioactive  isotopes  may  be  prepared  by  various  means. 
Most  widely  used  is  introduction  of  the  radioisotope  into  the  molten 
metal.  With  use  of  0-radiators,  in  many  cases  the  alloy  becomes  suffi¬ 
ciently  active  with  the  introduction  of  1  microcurie  of  isotope  per  1 
kg  of  alloy.  An  alloy  may  be  made  active  with  the  aid  of  electrodeposi¬ 
tion  of  a  radioactive  element,  by  saturation  from  a  gaseous  phase,  by 
evaporation  of  the  radioisotope  in  a  vacuum  and  precipitation  on  the 
specimen  being  studied,  by  preparation  of  a  mixutre  of  metallic  powders 
containing  the  radioavtive  isotopes.  Irradiation  of  the  prepared  speci¬ 
men  in  a  nuclear  reactor  may  be  performed,  which  makes  possible  the 
use  of  finished  products  and  radioisotopes  with  very  short  half-life. 
The  chemical  nonhomogeneity  in  various  alloys  (iron,  nickel,  aluminum, 
magnesium,  titanium,  etc.)  has  been  established  on  the  basis  of  the  a 
autoradiography  method.  The  tracer  atom  method  has  been  used  to  study 
the  processes  of  crystallization  and  redistribution  of  elements  during 
thermal  treatment,  plastic  deformation  of  an  alloy,  during  certain 
technological  processes  (casting,  welding)  and  so  on.  Results  of  the 
study  of  metal  structure  by  the  autoradiographic  method  are  in  good 
agreement  with  the  results  of  metallographic  analysis. 

The  autoradiographic  method  has  outstandingly  high  sensitivity. 
Thus,  for  example,  in  the  study  of  the  lead-antimony  alloy  the  enrich¬ 
ment  of  the  grain  boundaries  by  the  additive  (polonium)  is  detected 
even  with  a  content  of  one  one -hundred -millionth  of  a  percent  of  the 
latter.  The  presence  of  any  component  simultaneously  in  several  phases 
but  in  different  concentrations  shows  up  clearly  and  may  be  evaluated 
quantitatively. 

The  tracer  atom  method  detects  chemical  nonhomogeneity  of  a  metal 
within  the  limits  of  a  single  phase,  individual  elements  of  the  struc¬ 
ture  (differentiating  the  concentrations  of  the  alloying  elements  with¬ 
al  85 
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in  the  crystal  and  along  its  boundaries,  along  the 
contour  of  the  grain  boundaries,  within  individual 
crystals).  Thus,  tungsten  introduced  into  nickel 
in  the  amount  of  0.1-6#  is  arranged  primarily  in 
the  dendrite  axes  (Fig.  1)  (solubility  of  tungsten 
in  nickel  up  to  40#).  Elimination  of  this  nonhomc- 
geneity  is  very  difficult  as  a  result  of  the  very 
low  diffusional  mobility  of  tungsten  in  nickel  al¬ 
loys  (established  with  the  aid  of  a  radioactive 
isotope  of  tungsten).  Very-long-^erm  annealing  at  1200°  does  not  elimi¬ 
nate  the  nonuniform  distribution  of  tungsten,  and  only  after  annealing 
at  1250°  for  200  hours  is  it  possible,  as  shown  by  the  autoradiographic 
study,  to  obtain  a  quite  homogeneous  alloy.  The  nonun: form  distribution 
is  detected  with  a  very  low  concentration  of  the  element.  For  example, 
with  a  content  of  0.007#  Nb  in  nickel  (limiting  solubility  of  niobium 
in  nickel  is  6#)  enrichment  of  the  grain  boundaries  by  the  niobium  is 
clearly  seen  (Fig.  2). 

Study  by  the  tracer  atom  method  of  construc¬ 
tional  chromium  steel  (O.d#  C,  2.4^#  Cr)  has  shown 
that  the  chromium  is  concentrated  primarily  aicn*. 
the  grain  boundaries.  Elimination  of  chromuum  liq¬ 
uation  takes  place  only  after  diffusional  anneal¬ 
ing  at  I3OO0  for  2  hours.  An  optimal  regime  for 
homogenisation  of  chrome  steel  was  selected  on  the 
basis  of  the  study.  It  is  characteristic  that  the 
processes  cf  equalising  the  chemical  nonuniformity 
In  the  cast  alloys  take  piece  considerably  more  slowly  than  in  the 
wrought  alloys. 

Hie  autoradiographical  studies  have  shown  that  the  additives  are 


Fig,  2.  Niobium 
distribution  in 
nickel  alloy 
(autoradiogram) . 
Enlarged  30 
times. 
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Fig.  1.  Distri¬ 
bution  of  tung¬ 
sten  in  nickel 
(autoradiogram) . 
Enlarged  10 
times. 
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concentrated  primarily  along  the  grain  boundaries 
and  in  the  interdendritic  regions.  For  example, 
sulfur,  phosphorus,  tin,  lead,  antimony  enrich  the 
grain  boundaries  of  the  nickel  and  iron  alloys 
(Pig*  3)*  However  in  the  case  of  a  sulfur  content 
less  than  the  limiting  solubility,  there  is  ob¬ 
served  a  uniform  distribution  of  the  sulfur  in  the 
nickel.  This  confirms  that  up  to  0.006#  sulfur 
does  not  increase  the  brittleness  of  nickel.  More¬ 
over,  analysis  of  the  autoradiograms  has  shown  that  adter  cold  plastic 
defo  nation  (rolling)  and  subsequent  diffusional  annealing  (700-1200*) 
the  sulfur  is  distributed  nonuniformly  within  the  individual  nickel 
crystals,  which  is  explained  by  the  nonuniforo  diffusion  taking  place 
preferentially  in  the  strongly  deformed  (compressed)  grains.  In  place 
of  increasing  the  homogeneity,  diffusional  annealing  leads  in  certain 
cases  to  increase  of  the  heterogeneity  of  the  alloy.  Thus,  with  long¬ 
term  annealing  of  the  nickel  alloy  (1000*  for  100  hours)  there  was  ob¬ 
served  gradual  formation  of  a  phosphide  grid  along  the  grain  boundaries, 
which  is  explained  by  grain  enlargement  during  annealing  and  correspond¬ 
ing  reduction  of  the  extent  of  the  grain  boundaries.  This  fact  explains 
why  after  homogenising  annealing  there  is  sometimes  noted  deterioration 
of  the  mechanical  properties  of  the  high  temperature  alloys. 

Very  small  quantities  of  boron  (less  than  0.C1$)  have  a  -ery  strong 
effect  on  the  properties  of  the  iron  and  nickel  alloys.  Establishing 
the  nature  of  the  distribution  of  negligibly  small  quantities  of  boron 
in  the  alloys  by  the  conventional  method  of  autoradiography  is  impos¬ 
sible  as  a  result  of  the  fact  tnat  the  radioactive  isotope  of  boron  has 
a  very  short  half  1  aT  6  (OeO  ii.  sec).  The  problem  is  resolved  by  use  of 
a  nuclear  reaction  based  on  the  interaction  of  slow  neutrons  with  the 


Fig.  3.  Sulfur 
distribution  in 
nickel  alloy 
(Eutorftdiogrftin)  • 
Enlarged  50 
times. 
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boron  nuclei.  During  irradiation  of  an  alloy  containing  boron  by  boron 
neutrons  the  floowing  reaction  takes  place: 

■M'-.t.i’  I  , . 

Tile  a-particles  formed  as  a  result  of  the  interaction  with  the  photo 
emulsion  show  the  boron  distribution  in  the  alloy.  On  the  basis  of  the 
autoradiograms  the  conclusion  is  drawn  that  small  quantities  of  boron 
(about  0.01$)  are  distributed  in  the  steel  primarily  along  the  grain 
boundaries. 

Study  using  the  autoradiographic  method  of  the  effect  of  plastic 
deformation  has  shown  that  this  process  increases  the  homogeneity  of 
the  alloy,  in  this  case  the  processes  of  equalization  of  the  composi¬ 
tion  proceed  more  rapidly  than  in  the  cast  alloys.  In  studying  the  nic 
kel  alloys  it  was  found  that  the  dendritic  structure  may  be  retained 
after  considerable  plastic  deformation  (50$),  which  could  not  be  dis¬ 
closed  by  conventional  methods.  Of  great  practical  importance  is  the 
use  of  radioactive  isotopes  to  study  technological  processes,  particu¬ 
larly  welding. 

Study  of  diffusion  in  metals.  Diffusional  migration  of  atoms  is 
the  process  which  is  the  basis  of  many  structural  changes  observed  in 
metals.  The  rate  of  phase  transformations  fueing  heat  treatment,  the 
nonequilibrium  states  in  which  the  alloys  used  in  practice  are  found, 
and  the  stability  of  the  nonequilibrium  states  depend  on  the  -  .'fusion 
al  mobility.  Behavior  of  alloys  under  loading  and  at  high  temperatures 
depends  on  the  atomic  mobility. 

The  use  of  the  tracer  atom  method  has  expanded  considerably  the 
study  of  the  diffusion  processes,  making  possible  direct  determination 
of  the  self -diffusion  parameters,  i.e.,  the  movement  of  the  atoms  of 
elements  in  their  own  crystalline  lattice  without  change  of  the  con¬ 
centration.  This  method  has  been  used  to  determine  the  self -diffusion 
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.  f  l‘-»ad,  tin,  silver,  gold,  copper,  iron,  cobalt,  nickel,  chromium, 
molybdenum,  tantalum,  tungsten  and  other  elements.  The  methods  of  de¬ 
termine  the  diffusional  characteristics  based  on  the  use  of  tracer  atoms 
may  be  divided  into  two  groups.  The  fission  method  is  used  to  study  the 
change  of  distribution  of  radioactive  substances  in  a  specimen  as  a  re¬ 
sult  of  diffusional  annealing.  The  absorbtion  method  is  used  to  deter¬ 
mine  the  reduction  of  the  radiation  caused  by  penetration  of  radioac¬ 
tive  substances  into  the  depth  of  the  specimen.  An  important  character¬ 
istic  of  the  self -diffusion  process  is  the  activation  energy  of  this 
process,  which  in  the  pure  metals  characterizes  to  a  certain  degree 
the  strength  of  the  interatomic  bond  in  the  crystal  lattice.  Usually 
it  is  assumed  that  the  greater  the  activation  energy  of  the  self-dif- 
fusion  and  diffusion  processes,  the  higher  the  high-temperature 
strength  of  the  metal.  For  example,  the  self-diffusion  activation  ener¬ 
gy  of  the  refractory  metals,  as  shown  by  study  using  radioactive  iso¬ 
topes,  is  quite  high.  For  tantalum,  molybdenum  and  tungsten  it  is  equal 
respectively  to  110,000,  115,000  and  135,000  cal/gram-atom,  for  iron  it 
is  74,000  cal/gram-atom.  At  1000°  the  self -diffusion  coefficient  (D)  of 
tantalum  is  three  orders  smaller  than  the  self-diffusion  coefficient 
of  iron  (10  J  and  10  cm  /sec).  At  this  same  temperature  D  for  moly¬ 
bdenum  is  eight  orders  less  than  D  for  nickel.  In  the  final  analysis, 
all  this  determines  the  higher  level  of  the  high-temperature  strength 
of  the  refractory  metals.  In  comparing  the  pure  metals  -  nickel  and 
molybdenum  -  the  same  stress  (10  kg/ram  for  100  hours)  is  sustained  by 
the  first  at  600°  and  by  the  second  at  100C°. 

The  alloy  composition  has  a  considerable  effect  on  the  diffusion 
parameters.  Studies  using  the  tracer  atom  method  have  shown  that  the 
diffusional  mobility  depends  on  the  alloy  structure  as  well  as  the  com¬ 
position.  Using  radioactive  isotopes  it  has  been  established  that  the 
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diffusional  mobility  on  the  interfaces  between  gralr...  is  si^iificantly 
greater  than  in  the  grain  body.  Thus,  for  example,  the  activation  en¬ 
ergies  of  the  self -diffusion  process  of  silver  on  the  crystal  surface, 
along  the  grain  boundaries,  and  within  the  crystal  are  equal  to  10, 300, 
20,00  and  45,950  cal/gram-atom  respectively,  i.e.,  considerably  less 
than  on  the  interfaces. 

Tin,  zinc,  iron,  nickel,  chromium  move  pre¬ 
dominantly  along  the  grain  boundaries  during  self- 
diffusion  (Fig.  4).  This  influence  of  the  bound¬ 
aries  is  retained  up  to  very  high  temperatures: 
for  self -diffusion  of  iron  to  1200°,  chromium  to 
1350°.  The  energy  of  the  self -diffusion  process 
along  the  grain  boundaries  is  considerably  less 
than  within  the  grains.  On  the  basis  of  autoradio¬ 
graphic  studies,  these  quantities  are  respective¬ 
ly:  30,600  and  67,000  cal/gram-atom  for  iron,  46,000  and  76,000  cal/ 
/gram-atom  for  chromium.  The  applicaticn  of  stresses  to  the  specimen 
during  self -diffusional  annealing  has  an  effect  on  the  rate  of  the  pro¬ 
cess.  Thus,  tensile  stresses  and  plastic  deformations  reduce  the  acti¬ 
vation  energy  and  increase  the  mobility  of  iron  during  self -diffusion 
and  also  during  the  heterodiffusional  process  (Fig.  5)*  Mechanical 
working  (grinding,  sand  blasting)  increase  the  diffusional  mobility  in 
the  surface  layers  of  the  metal  ten-fold  (Fig.  6). 

Study  of  interatomic  interaction.  The  tracer  atom  method  can  be 
used  to  measure  the  rate  of  evaporation  and,  consequently,  to  deter¬ 
mine  the  vapor  pressure,  including  the  partial  pressure  of  the  compon¬ 
ents  over  the  solution.  The  temperature  dependence  of  the  vapor  pres¬ 
sure  permits  determining  the  bond  energy  in  crystals  of  solid  solutions 

and  other  thermodynamic  characteristics.  This  method  is  a  development 
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Fig.  4.  Self¬ 
diffusion  of 
nickel  at  700° 

( autoradiogram) . 
Enlarged  50 
times. 
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Pig.  5*  Effect  of  plastic  deformation  on  activation  energy  of  self¬ 
diffusion  in  iron,  1)  Activation  energy,  cal/gram-atom. 


of  the  methods  of  Langmuir  and  Knudsen  in  which  the  measured  quanti¬ 
ties  are  the  vacuum  evaporation  rate  (in  the  first  case)  and  the  flux 
of  vapor  passing  through  a  small  opening  located  above  the  evaporation 
surface.  Determination  of  the  quantity  of  matter  condensing  on  the  tar- 
ths  using  radioactive  isotopes  is  simpler  and  more  accurate  than  making 
this  determination  on  the  basis  of  chemical  analysis  as  is  done  in  the 
methods  of  Langmuir  and  Knudsen. 
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Fig.  6.  Variation 
of  diffusion  coef¬ 
ficient'  with  dcpih 
of  ground  specimen 
of  the  nickel  al¬ 
loy  EI437-  1)  Mi¬ 
crons. 


Another  method  is  based  on  the  measurement  of 
the  rate  of  exchange  between  two  lamina  of  solid 
solid  solutions  of  the  same  composition,  one  of 
which  contains  a  radioactive  isotope  of  the  com¬ 
ponent  and  the  other  consists  of  a  stable  isotope. 
The  rat*1  of  change  of  activity  oA  the  iaxrunas  de¬ 
pends  on  the  vapor  pressure  and  on  the  diffusion 
coefficient  in  the  solid  solution. 

Study  of  phase  composition.  The  tracer  atom 


method  may  be  used  for  rapid  and  precise  study  of  the  composition  of 
phases  separated  from  an  alloy.  Since  the  radioactive  isotope  is  chem¬ 
ically  identical  to  the  stable  isotope  of  the  element  being  studied,  by 


following  the  behavior  of  the  formei  we  can  draw  conclusions  on  the  be¬ 


havior  of  an  alloying  element.  For  an  alloy  containing  the  radioactive 
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isotope  A  the  following  relation  is  va*id 

* 

'  4 

*  epl  '  «pl 

where  is  the  concentration  of  element  A  in  the  particular  phase, 
cjpl  is  the  concentration  of  element  A  in  the  alloy,  is  the  specific 
activity  of  the  particular  phase,  i  1  is  the  specific  activity  of  the 
alloy.  Thus,  to  calculate,  for  example,  the  content  of  an  alloying  ele¬ 
ment  in  the  carbide  phase  it  is  necessary  to  know  three  quantities:  the 
content  of  the  alloying  element  in  the  steel,  the  intensity  of  the  radi¬ 
ation  of  the  carbide  precipitate,  and  the  intensity  of  the  radiation 
of  the  same  batch  of  steel.  The  tracer  atom  method  may  also  be  of  use 
for  simultaneous  analysis  of  two  radioactive  elements.  The  tracer  atom 
method  using  radioactive  chromium  has  been  used  to  study  the  kinetics 
of  the  process  of  redistribution  of  an  alloying  element  between  ferrite 
and  carbide  during  tempering  of  chrome  steel  (0.7$  C,  2.94$  Cr).  In 
this  case  the  relative  error  was  5-6$* 

Study  of  metal  wear.  The  essence  of  the  various  tracer  atom  methods 
for  studying  wear  amounts  to  the  following.  A  radioactive  isotope  is 
introduced  into  the  material  of  the  part  (material  is  activated)  by 
means  of  irradiation  in  a  reactor,  electrolysis,  introduction  of  the 
radioactive  substance  into  the  molten  metal,  diffusion,  the  radioactive 
monitor-insert  method,  etc.  The  activity  of  the  wear  products  is  re¬ 
corded,  which  is  particularly  convenient  for  circulating  lubrication 
systems  when  the  wear  products  are  carried  away  with  the  oil  and  a 
counter  is  installed  in  the  oil  line  or  close  to  it.  The  advantages  of 
the  tracer  atom  method  in  wear  studies  lie  in  the  speed,  high  sensitiv¬ 
ity  (0  .0001  mg),  possibility  of  continuous  recording  of  the  wear  (coun¬ 
ter  connected  with  a  recorder),  and  ability  to  study  wear  under  any 

conditions  and  with  any  operational  regimes.  In  contrast,  in  conven- 
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tlonal  testing  of  an  engine,  for  ••’xample,  the  parts  are  rva-.ure-;  be¬ 
fore  testing  and  after  testing,  which  requires  dic^ombly  of  the  engine 
and  the  use  of  considerable  fuel  and  lubricant  during  U*stir v'. 

When  using  the  tracer  atom  method  of  investigation,  recording  of 
the  pulses  by  an  automatic  recorder  with  the  aid  of  an  autoelectronic 
potentiometer  permits  continuous  recording  of  the  wear  at  various  ope¬ 
rating  conditions  of  the  engien  under  road  test  conditions.  'Phis  method 
was  used  to  discover  the  phenomenon  of  delay  in  the  transition  from  the 
high  wear  regime  to  the  low  wear  regime  —  the  "run-in"  period  (30 -90 
minutes). 

In  studying  wear  of  a  surface  covered  with  a  protective  metallic 
film,  the  cover  coating  is  activated  by  adding  the  corresponding  iso¬ 
tope  to  the  electrolytic  bath.  For  example,  in  studying  the  wear  of 
chromed  piston  rings  the  amount  of  chromium  transferred  from  the  rings 
to  the  cylinder  walls  was  determined  autoradiographically.  The  high 
sensitivity  of  the  method  permits  studying  the  initial  stages  of  wear, 
which  is  important  to  the  mechanism  of  this  phenomenon.  The  tracer 
atom  method  is  used  to  study  refractory  wear  in  blast  furnaces.  During 
construction  of  the  blast  furnace  ampoules  containing  a  gemma-radiatcr 
which  is  recorded  by  counters  mounted  externally  are  installed  at  vari¬ 
ous  depths.  Destruction  of  the  lining  is  judged  by  the  disappearance  cf 
the  radiation.  Radioactive  isotopes  are  used  to  study  not  only  the  wear 
of  parts  and  mechanisms,  but  also  to  study  numerous  other  processes 
which  are  required  to  evaluate  the  operation  of  machines,  for  example 
the  rate  of  formation  of  carbon  deposits  in  an  engine  (in  the  combus¬ 
tion  chamber). 

Study  of  metallurgical  processes.  In  the  production  of  steel,  im¬ 
portant  characteristics  are  the  coefficients  of  the  distribution  of  the 
various  elements  between  the  metallic  phase  and  the  slag  and  the  hinet- 
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ice  of  the  transition  of  elements  from  one  phase  of  anoin^r.  Th-  radio¬ 
active  Isotopes  of  phosphorus,  sulfur,  calcium  may  be  used  to  deter¬ 
mine  the  distribution  of  these  elements  between  the  alloys  and  slag, 
to  determine  the  temperature  dependence  of  the  distribution,  the  ki¬ 
netics  of  the  dephosphoriiation  processes,  establish  the  depth  of  de¬ 
sulfurization  (to  0*0001$)  with  the  use  of  definite  forms  of  slags, 
which  is  of  critical  importance  for  improving  ghe  quality  of  the  metal. 

The  radioactive  isotopes  are  used  to  detect  contamination  by  non- 
metallic  inclusions,  for  example,  inclusions  of  calcium  (in  ball  bear¬ 
ing  steel)  which  severely  reduce  the  service  life  of  ball  bearings.  To 
do  this  the  Ca  tracer  is  introduced  sequentially  into  the  "suspected" 
sources  of  contamination  (slag,  crucible  lining,  spout,  ladle  lining). 
It  was  found  that  the  principal  "source"  of  nonmetallic  inclusions  was 
the  ladle  lining.  The  tracer  atom  method  is  also  used  to  study  the  ki¬ 
netics  of  the  redistribution  of  the  alloying  element  between  phases 

during  isothermal  decomposition  of  supercooled  austenite  of  chrome  and 

ejl  tAr 

tungsten  steels.  The  radioactive  isotopes  Cr^  and  W  are  used  for 
this. 

Radioactive  isotopes  are  used  to  tag  various  grades  of  steel.  To 
do  this  some  amount  of  radioactive  isotope  is  added  to  the  steel  during 
melting.  The  steel  grade  may  be  determined  in  a  few  minutes  with  the 
aid  of  a  y-counter.  This  method  is  particularly  important  in  use  of  al¬ 
loys  under  conditions  of  severely  aggressive  media,  high  temperature, 
in  atomic  reactors,  when  careful  control  of  all  the  products  is  re¬ 
quired.  See  also  Gamma-Defectoscopy. 

S.Z.  Bokshteyn 
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TRANSFORMER  STEEL  -see  Electrical  Equipment  Sheet  Steel. 
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TRANSLATIONAL  SLIP  -  one  of  the  most  Important  mechanisms  of  Plao 
tlo  deformation,  consisting  In  displacement  (translation)  of  one  part 
of  a  crystal  relative  to  another.  This  process  usually  occurs  along 
the  most  tightly  packed  crystallographic  planes  (the  planes  which  are 
farthest  apart)  and,  within  these  planes,  along  the  most  tightly  pack¬ 
ed  directions  (the  directions  In  which  the  translaticnal-sllp  "pitch” 
is  least).  At  moderately  low  temperatures  the  number  of  translational- 
silo  planes  and  directions  is  considerably  greater  in  cubic  face-cen¬ 
tered  Al,  Cu,  Ni,  y-Fe)  and  body  centered  (o-Pe,  Mo,  W,  Cr)  lattices 
than  in  hexagonal  (Mg,  Zn,  Cd)  lattices.  Metals  of  the  latter  group 
consequently  have  low  plasticity  at  temperatures  of  2C°  or  less.  When 
the  temperature  is  rr.ised  translational  slip  may  occur  along  other 
crystallographic  planes,  which  consequently  increases  the  plasticity 
of  the  metal.  Per  other  mechanisms  of  plastic  deformation  see  the  ar¬ 
ticles  entitled  Diffusion  plasticity  and  Twinning. 

Ya.B.  Fridman 
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TRIACETATE  FIBER  -  artificial  fiber  (staple  or  filament)  obtained 
from  solutions  of  colluslose-triacetate  in  glacial  acetic  acid  or  in 
methlene  chloride  by  wet  or  dry  spinning.  Triacetate  fibers  have  a 
higher  melting  temperature  than  fibers  from  regenerated  cellulose  ace¬ 
tate  (acetate  fiber),  lower  moisture  absorption,  high  resistance  to 
prolonged  effect  of  heat.  Hie  starting  raw  material  in  obtain  cellulose 
triacetate  used  for  producing  the  fiber  is  cotton  down  or  special  grades 
or  purified  wood  pulp.  Triacetate  fibers  are  produced  under  the  names: 
Amel  (USA),  Courpleta  and  Trice!  (&igland),  Trialben  (France). 

Physicomechanical  properties  of  triacetate  fiber:  specific  weight 
1.28-1.32,  moisture  content  (at  20*  and  relative  air  humidity  of  65*) 
4.5$,  t*pl  300*,  softening  temperature  180*  before  the  fiber  is  beat 
treated  and  240-230°  after  heat  treatment,  heet  resistance  up  to  25C*. 
After  being  heated  for  20  hours  at  130*  triacetate  fiber  (Amel)  loses 
30$  of  its  initial  strength,  cotton  loses  65#  and  nylon  80$.  Triacetate 
fibers  are  characterized  by  high  resistance  to  the  effect  of  light; 
when  irradiated  in  a  Fadeoaeter  for  200  hours  it  loses  13$  of  its  ini¬ 
tial  strength.  When  held  in  sunlight  under  glas?-  for  200  hours,  Amel 
loses  about  6%  of  its  initial  strength  (Just  like  Orion),  while  fiber 
from  regenerated  acetate  and  cotton  lose  and  nylon  loses  94$  of  the 
initial  strength.  Triacetate  fiber  has  a  high  electric  resistivity,  be¬ 
ing  Inferior  in  this  respect  only  to  Terylene  (levsan),  polyethylene. 
Teflon  and  glass  fiber.  To  prevent  the  accumulation  of  static  electri¬ 
city  chargee  in  spinning,  the  triacetate  fibers  are  treated  by  anti¬ 
static  --eparatioju.  Triacetate  fiber  resists  diluted  alkalis  at  stand- 
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ard  temperature  and  is  saponified  by  them  upon  heating,  it  is  resistant 
to  the  effect  of  diluted  acids,  is  destroyed  by  strong  concentrated 
acids,  is  soluble  in  methylene  chloride,  glacial  acetic  acid,  concen¬ 
trated  formic  acid,  swells  in  acetone  and  dichloroethane.  It  is  dyed 
by  dispersion  dyes  and  also  by  pigments  (dyeing  in  the. mass) s  ,TJie. rup¬ 
ture  length  of  triacetate  fiber  in  the  dry  state  is  10.4-15. 0  km,  and 
the  strength  loss  in  the  wet  state  is  20-25#.  Ultimate  tensile  strength 
13. 3-14. 5  kg/mm^.  Elongation  20-23#  in  the  dry  and  35-40#  in  the  wet 
state.  Initial  modulus  of  elasticity  about  460  kg/mm  .  Lately  a  pro¬ 
cess  has  been  developed  for  producing  the  Amel-60  fiber  with  a  dry 
rupture  length  of  about  19  km  and  an  elongation  of  25#.  The  wet  rupture 
length  is  13.5  km  and  the  elongation  36#.  Triacetate  fibers  have  a  con¬ 
siderable  tendency  to  crystallization.  The  degree  of  crystallization 
can  be  increased  by  heating  at  170-200°  or  at  IIO-I300  with  simultaneous 
steaming.  After  heat  treatment  triacetate  fiber  acquires  a  substantial 
wrinkle  resistance  which,  combined  with  the  low  moisture  absorption 
makqs  it  possible  to  use  it  in  fabrics  for  creating  creases  which  are 
retained  in  multiple  washings  and  dryings  (pleated  articles,  fabrics 
with  an  engraved  design,  etc.)  Triacetate  fiber  is  used  as  an  electric 
insulation  material.  The  major  field  of  use  are  consumer  goods.  Triace¬ 
tate  fiber  is  used  in  the  pure  form  and  mixed  with  other  fibers  (cot¬ 
ton,  wool);  mixtures  containing  50#  of  triacetate  fibers  are  used  for 
making  fabrics  with  a  high  wrinkle  resistance,  mixtures  containing  70# 
of  triacetate  fibers  are  used  for  making  wrinkle-proof  drapery  fabrics 
and  outerwear  fabrics. 

References;  Birger,  G.  E. ,  Proizvodstvo  khimicheskikh  volokon  i  ikh 
primeneniye  (Production  of  Chemical  Fibers  and  Their  Applications], 
Moscow,  1959;  Rogovin,  2. A. ,  Osnovy  khimii  i  technologii  prolzvodstva 
khimicheskikh  volokon  (Fundamentals  of  the  Chemistry  and  Technology  of 
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Chemical  Fiber  Production].  2nd  edition,  Moscow,  1957;  Stoll,  R.G. , 
"Text.  Res.  J. , "  Vol.  25,  No.  7,  page  650,  1955;  Sprague,  B.  S. ,  Ibid, 
Vol.  30,  No.  9,  page  697,  i960. 

L.S.  Gal’braykh 
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TRIBOEI£CTKLC  METHOD  OP  FLAW  DETECTION  -  method  based  on  measuring 
the  magnitude  of  triboelectric  charges  which  are  generated  by  nabbing 
of  different  materials.  The  magnitude  of  the  triboelectric  potentials 
is  determined ,  other  conditions  being  equal,  by  the  chemical  composi¬ 
tion  of  the  rubbing  bodies,  for  which  reason  the  triboelectric  method 
of  flaw  detection  is  used  primarily  for  sorting  semifinished  products 
(less  frequently  of  components)  with  respect  to  material  brands.  To  in¬ 
crease  the  reliability  of  materials  sorting  many  modern  devices  are  e- 
quipped  with  both  thermoelectric  and  triboelectric  pickups  with  a  sin¬ 
gle  measuring  system.  The  advantage  of  the  triboelectric  (as  well  as 
the  thermoelectric)  method  over  other  flaw  detection  methods  consists 
in  the  fact  that  the  test  results  are  not  affected  by  the  dimensions 
and  shape  of  the  components  and  materials  being  tested. 

References;  Rozhdenstvennyy,  S. M. ,  Novyye  elektricheskiye  i  mag- 
nitnyye  metody  nerazrushayushchegc  kontrolya  [New  Electrical  and  Mag¬ 
netic  Methods  of  Nondestructive  Testing],  in  the  collection;  Priboros- 
troyeniye  I  sredstva  avtomatizatsii  kontrolya  [Instrument  Making  and 
Inspection  Automation  Facilities],  Book  1,  Moscow,  1961;  Doscheck,  A., 
"Nondestruct.  Testing,"  Vol.  10,  No.  2,  1951* 

S .  M.  Rozhdes  t vennyy 
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TRIPOLI  -  loose  or  dense  rock  containing  up  to  90 %  silica;  consis 
slats  primarily  of  round  globules  1-2  microns  (less  frequently  10-12 
microns)  In  diameter  of  a  silica  hydrate  (opal)  composition,  usually 
contains  a  moderate  admixture  of  argilaceous  and  sandy  material.  It 
differs  from  dlatomlte.  to  which  it  is  close  by  composition  and  utili¬ 
zation,  by  the  absence  of  presence  in  insignificant  amounts  of  silica 
shells  and  organisms  and  by  lesser  degree  of  hydration  of  the  silica. 
The  color  is  yellowish,  light -gray,  gray.  The  compression  strength  of 
dense  varieties  Is  tens  of  kg/cm2.  Specific  gravity  2.20-2.501,  speci¬ 
fic  weight  0. 50-1.27  (for  pieces),  up  to  0. 80  for  powders.  The  porosity 
is  60.2-64. 00.  Mohs  hardness  1-3  (can  be  cut  by  a  knife).  Thermal  con¬ 
ductivity  at  50#:  0.075  kcal/m-hour-*C  for  the  powder  and  0.12  kcal/m- 
hour-*C  in  finished  products.  The  adsorption  power  is  lower  than  that 
for  dlatomlte.  The  uses  of  tripoli  and  the  requirements  put  to  it  are 
the  same  as  for  dlatomlte. 


P.  P.  Smolin 
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TROOSTITE  -  structural  component  of  steel,  which  is  a  mixture  of 
ferrite  and  cementlte.  It  differs  from  pearllte  and  sorbite,  which  are 
also  a  mixture  of  ferrite  and  cementlte,  by  the  very  high  degree  of 
dispersion  of  these  components]  individual  particles  of  ferrite  and  ce- 
mentite  in  troostlte  can  be  detected  only  when  analyzing  the  structure 
under  an  electron  microscope,  i. e. ,  using  a  magnification  of  several 
thousand.  Steel  with  a  troostlte  structure  has  an  elevated  hardness  and 
strength  and  a  moderate  plasticity  and  ductility. 

M.  L.  Bemshteyn 
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TROPICAL  RESISTANCE  ~  ability  of  a  material  to  withstand  the  spe¬ 
cific  effects  characteristic  of  the  atmosphere,  biological  and  other 
conditions  of  low  geographical  latitudes.  The  most  general  effects  are: 
1}  high  total  solar  radiation  Intensity;  2)  high  (up  to  95-97$)  and 
very  low  (3~$$)  relative  air  humidity,  dependiiig  on  the  tropical  re¬ 
gion;  3)  presence  of  specific  Insects  (termites)  and  microorganisms 
(mildew,  etc. )  which  destroy  various  materials.  The  presence  of  heated 
dust,  salt -saturated  atmosphere,  etc. ,  Is  also  characteristic  of  the 
tropics.  Hie  high  solar  radiation  Intensity  heats  the  soil  to  50-70° 
and  above,  while  dark-color  objects,  for  example,  automotive  vehicle 
tires  are  heated  to  90-100*.  Despite  the  fact  that  the  ozone  concentra¬ 
tion  near  the  ground  is  lower  In  tropical  zones  than  In  higher  lati¬ 
tudes,  the  combined  effect  of  ozone  and  light  In  the  tropics  Is  more 
Intense.  In  humid  tropical  regions  the  atmosphere  contains  an  elevated 
quantity  of  hydrogen  peroxide. 

Various  materials.  Including  polymers  (PM)  have  quite  different 
tropical  resistances.  Ihus,  polyethylene  Is  fully  resistant  to  the  ef¬ 
fect  of  microorganisms,  while  natural  and  synthetic  rubbers  are  de¬ 
stroyed  by  them.  Polyamide  fibers  are  more  tropically  resistant  than 
vlscoce  or  capron  fibers.  Cotton  fibers,  which  are  rapidly  destroyed  by 
mildew  are  the  least  resistant  to  tropical  effects.  However,  cellulose 
protected  by  natural  fungicides.  Is  highly  resistant  to  tropical  ef¬ 
fects.  Polymers,  which  are  subjected  to  frequent  deformation,  as,  for 
example,  the  rubber  fabric  frame  of  automotive  vehicle  tires,  is  not 
acted  upon  by  microorganisms,  while  the  latter  destroy  unprotected 
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tires  which  are  stored  in  a  warehouse.  The  usual  means  for  inc 
the  resistance  of  polymers  to  the  light -ozone  thermal  aging  are  not  al¬ 
ways  effective  under  tropical  conditions.  Thus,  the  protection  of  rub¬ 
bers  requires  the  use  of  additional  antioxidants,  for  example,  cyclo- 
hexylaminodlphenilamine  and  sulfur-containing  compounds.  Rubber-fabric 
products  are  reliably  protected  by  hydroxydiphenyl  and  albichtols  (a 
product  of  shale  refining).  The  tropical  resistance  of  polyethylene  is 
Increased  by  introducing  certain  blacks,  primarily  of  gas  duct  black.  A 
number  of  polymers  is  effectively  protected  by  salicylanilide.  Certain 
microorganisms  are  capable  of  dissolving  and  using  for  their  activity 
chalk,  magnesium  oxide,  etc. ,  which  serve  as  fillers,  and  adding  them 
to  polymers  reduces,  rather  than  Increases  the  tropical  resistance. 

Protective  films  which  are  used  for  Increasing  the  tropical  resis¬ 
tance  of  materials  should  not  be  subjected  to  the  action  of  microorgan¬ 
isms.  Certain  plastics  (teflon,  stabilized  polyethylene,  etc. )  have  a 
good  tropical  resistance.  As  far  as  possible,  the  surface  of  the  mate¬ 
rial  should  not  be  hygroscopic.  The  mechanical  strength  of  the  coating 
should  also  be  elevated.  It  should  be  taken  into  account  that  many  mi¬ 
croorganisms  are  capable  of  destroying  organic  substances  in  the  total 
absence  of  water  and  oxygen.  In  conjunction  with  this  antiseptics  and 
fungicides  should  be  carefully  selected  for  each  type  of  material  which 
has  to  be  imparted  desirable  tropical  resistance. 

N.N.  Lezhnev 
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TROPIC -RESISTANT  LACQUER  AND  PAINT  COATINQS  are  coatings  which  are 
resistant  to  the  conditions  of  the  tropical  climate.  The  severe  climat¬ 
ic  conditions  of  the  tropics  pose  the  following  special  requirements  on 
the  coatings  and  their  application  technology:  careful  preparation  of 
the  surface  to  be  painted*  use  of  primers  having  high  anticorrosion 
properties  and  good  adhesion  to  the  metal*  use  of  external  coatings 
with  high  atmospheric  and  moisture  resistance*  introduction  of  fungi¬ 
cides  for  prevention  of  fungus  growth  on  the  coatings.  The  tropic-re¬ 
sistant  coatings  are  divided  into  two  groups:  1)  for  protection  and 
decorative  finishing  of  articles  subjected  to  direct  solar  radiation; 

2)  for  articles  used  under  conditions  of  high  humidit:  and  temperature 
but  not  subjected  to  the  action  of  solar  radiation  (indoors*  shaded). 

In  both  cases  use  Is  made  of  both  cold  and  hot  drying  coatings;  the 
first  for  large-scale  articles  for  which  hot  drying  Is  difficult;  the 
second  for  articles  or  parts  which  can  be  dried  at  150-200°.  The  cold 
drying  coatings  ha 76  adequate  atmospheric  resistance*  good  resistance 
to  fungi*  but  low  mechanical  strength.  The  hot  drying  coatings  have 
high  atmospheric  resistance*  high  mechanical  strength  and  better  exter¬ 
nal  appearance. 

Por  articles  subjected  to  solar  radiation*  as  cold-drying  tropic- 
resistant  coatings  use  is  made  of:  the  perchlorvlnyl  enamels  (PKhV-715 
of  various  colors,  PKhV-512  with  a  protective  color,  KhV-l6  matte  black* 
KhV-75  black  and  PKhV-714  aluminum).  The  enamels  are  applied  in  3-4 
coats  by  a  paint  sprayer  on  a  surface  pre -primed  using  FL-OZK  (for  the 
ferrous  metals}*  FL-OZZh  and  AO-  or  all  forms  of  metals);  the  ena- 
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mels  are  dried  at  15-25°  for  2-2.5  hours,  are  thinned  using  R-5  or  R-4 

to  the  working  consistency  cf  12-14  seconds  measured  on  the  VZ-4.  The 

hot -drying  enamels  are  auto  enamels  of  various  colors  made  on  an  alkyd- 

melamine  base:  the  epoxy -nitrocellusosic  enamel  EP-51  applied  in  two 

coats,  drying  temperature  70°;  the  epoxy  enamels:  EP-74T  is  gray  and  is 

applied  in  two  coats,  the  OEP-4171  is  green  and  is  applied  in  two  coats, 
each  coat  is  dried  for  2  hours  at  120°,  while  the  EP-74T  is  dried  for  1 
hour  at  150°. 

As  primers  for  the  epoxy  enamels  on  the  ferrous  and  nonfer>*ous  me¬ 
tals  use  is  made  of  AQ-lOs,  FL-OZZh,  FL-OZK  (only  for  the  ferrous  me¬ 
tals),  EP-09T  is  used  for  the  OEP-4171  and  EP-74T  enamels.  For  articles 
which  are  not  subject  to  direct  solar  radiation,  as  the  cold-drying 
coatings  use  is  made  of  the  type  KhV  and  PKhV  perchlorvinyl  enamels, 
the  KhS-77  matte  black  enamel;  the  AP  nltroenamels  are  used  for  the 
second  coat.  These  enamels  are  applied  on  the  primers  indicated  for  the 
cold-drying  enamels  subjected  to  the  action  of  solar  radiation.  For 
protection  from  the  action  of  chemical  reagents  (acids,  alkalis  and 
others),  use  is  made  of  the  KhSE  OOST  7313-55)  and  VKhE-4023  and  VKhB- 
4001  enamels  (see  Chemically  Resistant  Lacquer  and  Paint  Coatings);  the 
hot  dryintr  enamels  -  the  glyptal  auto  enamels;  the  pentaphthallc  ena¬ 
mels  of  various  colors,  AS-81  white;  for  Instruments,  the  black  enamels 
(PF-28)  are  used  with  a  drying  temperature  of  200* ;  FL-76  with  drying 
temperature  of  180°;  moire  enamel  250  with  drying  temperature  of  200*; 
the  gasoline-  and  oil -resistant  FL-75  and  60T  enamels;  the  AL-701  and 
AL-70  enamels  which  are  resistant  to  high  temperatures.  Under  the  con¬ 
ditions  of  the  tropical  climate  the  quality  of  the  preparation  of  the 
surface  prior  to  painting  is  of  particularly  great  Importance;  It  de¬ 
termines  the  service  life  of  the  tropic-resistant  coatings.  The  arti¬ 
cles  or  parts  are  carefully  cleaned  of  the  corrosion  products,  scale 
and  contamination  and  are  degreased.  After  cleaning,  the  details  or 
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parts  made  from  the  ferrous  metals  are  phosphatlzed  while  the  nonfer- 
rous  metal  parts  are  oxidized.  In  those  cases  when  the  phosphatlzatlon 
cannot  be  performed,  phosphatizlng  primers  (VL-02  or  VL-08)  are  used. 

I. I.  Denker 
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TRUE  DEFORMATION  (natural,  effective,  cumulative,  additive)  -  the 
sum  of  infinitesimal  relative  deformations  for  a  continuously  changing 
initial  size;  can  be  expressed,  for  example,  in  terms  of  the  true  elong¬ 
ation  ef  or  maximum  shear  gmaltg.  concept  of  true  deformation  is 
introduced  in  the  study  of  deformation  process  beyond  the  elastic 
limit.  The  magnitudes  of  true  deformation  are  related  to  values  of  con¬ 
ventional  deformation  (see  Conventional  Deformation)  and  to  one  another. 
In  tension: «  in<i-r  6)-in ■  —  where  6  is  the  conventional  elongation,  ♦  is  the 

i— t 

reduction  in  the  cross-sectional  area;  &aa^iB  =  1.5  e.  In  torsion 
=  where  y  is  the  maximum  conventional  shear. 

N.  V.  Kadobnova 
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TRUE  STRESS  is  the  ratio  of  the  force  to  the  actual  cross  section 
at  a  given  moment.  It  is  measured  in  kg/mm  or  kg/cm  .  With  small  de¬ 
formations  the  change  of  section  is  small  and  the  true  stress  nearly 
coincides  with  the  nominal  stress.  With  large  deformations  (for  the 
plastic  metals  of  the  type  of  copper ,  aluminum,  and  others)  the  true 
stress  exceeds  the  nominal  stress  in  tension  (section  is  reduced  sharp¬ 
ly)  and  is  less  than  the  nominal  stress  in  compression  (section  in¬ 
creases  sharply).  The  true  stress  is  widely  used  for  the  study  of  large 
deformation  of  metals,  rubbers  and  other  materials. 

Ya.B.  Fridman 
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TShM-2  RUBBER  HARDNESS.  Hardness  determination  by  the  TShM-2  in¬ 
strument  (DOST  253-53)  consists  in  measuring  the  depth  of  penetration 
(h,  mm)  of  a  steel  ball  5  mm  in  diameter  (d)  into  a  rubber  specimen  at 


least  6  mm  thick  under  a  load  p  =  1  kg  for  30  secs.  The  hardness  is 
calculated  in  kg/cm2  by  the  formula  hb~  2600t~0luc.<^'w-- 


The  TShM-2  hardness  tester  makes  it  possible  to  determine  hardness 

p 

from  3.18  to  636.94  kg/cm  when  the  ball  penetrates  the  rubber  specimen 


tc  a  depth  from  0.01  to  2  mm. 


V.V.  Ovchinnikov 
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TUNGSTEN  W  -  chemical  element  of  group  VI  of  Mendeleyev's  periodic 
system,  atomic  number  74,  atomic  weight  183.92.  Natural  tungsten  con¬ 
sists  of  a  mixture  of  five  stable  isotopes  with  the  mass  numbers:  180 
(0.135#),  (26.41#),  183  (14.4#),  184  (30.64#)  and  186  (28.41#). 

Tungsten  is  a  silvery  gray  metal  with  a  density  of  19. 3  g/cm3,  t°  ^ 
34l0±10°,  t°j^  5930°.  Use  is  also  made  of  artificial  isotopes  W1®1, 

W185  and  W^®^.  The  most  widely  occuring  tungsten- containing  minerals 
are:  wolframite  (FeMn)WO^  and  scheelite  CaOWO^. 

Compact  tungsten  can  be  obtained  from  metal  powder  by  the  follow¬ 
ing  methods:  1)  sintering  of  tungsten  powder  in  a  hydrogen  flow  (see 
Sintered  Tungsten);  2)  melting  in  arc  or  electron- ray  vacuum  furnaces 
(see  Tungsten  Alloys);  3)  spraying  of  powder  or  wire  by  a  plasma  burner 
(see  Plasma  Spraying  of  Tungsten);  4)  precipitation  from  the  gas  phase. 
The  first  method  is  the  one  most  widely  used.  Sintered  tungsten  is  pro¬ 
duced  by  the  industry  in  the  form  of  bars,  rods  (see  Tungsten  Rods), 
sheets  and  strips  (see  Tungsten  Sheets),  wire  (see  Tungsten  Wire). 

Spraying  by  a  plasma  burner  is  used  to  produce  from  tungsten  moder¬ 
ate-size  compact  products,  primarily  in  the  form  of  finished  articles. 
This  method  is  also  used  for  applying  more  or  less  thin  layers  of 
tungsten  to  other  metals  (see  Tungsten  Coatings). 

The  crystal  lattice  of  tungsten  is  a  body-centered  cubic  with  a 
lattice  period  of  3.1649  A.  The  atomic  radius  is  1.41  A.  Vapor  pressure 
(nun  of  Hg):  1.93‘lcT15  (1530°);  l.OlcT11  (1730°);  7.9*  10“9  (2130°); 
1.3*10“7  (2230°),  6.55‘ICT5  (2730*);  1.2‘IC)”3  (3030°);  1.0  (3990°);  10 

(4507° )i  760  (5927°).  Heat  of  fusion  44  cal/g.  Heat  of  sublimation  (at 
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the  fusion  temperature)  1050  cal/g.  Heat  of  vaporization  (at  the  boil¬ 
ing  temperature)  1183  cal/g.  Rate  of  vaporization  (g/cm2-sec):  3. 7#10“13 
(1730°);  2.03X10“9  (2230°);  9- 69*  10~7  (2730°);  1.60-10”5  (3030°).  c 
(cal/g-  °C):  0.032  (20° ) ;  0.033  (100°);  0.034  (300°);  0.036  (1000°); 

0.041  (2000° );  a-106  (1/°C) :  4.2  (-100° );  4.4  (27°)]  4.5  (100° );  4.6 
(500°);  5.2  (1000° )j  6.2  (2000°);  7-2  (2300° );  X  (cal/cm-  sec-  #C) :  0.46 
(-183°);  0. 40  (0°);  0.40(20°);  0. 39 (100°); -0.29 (500°); -0.28 (1000°); 
-0.30(2000°); -0.36(3000°).  p  (micro- ohm- cm) :  0.6l  (-196°);  5-5  (20°); 

7.2  (100°);  19  (500°);  34  (1000°);  66  (2000°);  100  (3000°).  The  temper¬ 
ature  coefficient  of  electric  resistivity  (from  0  to  100°)  0.0046. 

—6 

Specific  susceptibility  0. 28-10  .  The  absorption  cross  section  for 

thermal  electrons  19. 2±1.0  bams.  The  work  function  of  an  electron  4.50 
ev.  Enthalpy  (25°)  cal/g. 

Tungsten  is  highly  resistant  to  corrosion  in  acids,  alkalis,  and 
certain  molten  metals  (see  Corrosion  of  Tungsten).  At  20°  it  has  high 
chemical  resistance  to  water  and  air.  When  heated  to  above  400-500°  it 
is  intensely  oxidized,  forming  a  loose  oxide  film  which  does  not  pro¬ 
tect  the  metal  from  further  oxidation.  Tungsten  does  not  interact  with 
hydrogen  even  at  very  high  temperatures.  Interaction  with  nitrogen  is 
observed  at  temperatures  above  2000°.  To  avoid  intensive  oxidation  of 
tungsten,  it  should  he  heat  treated,  welded  (see  Welding  of  Refractory 
Metals),  soldered  and  also  heated  before  shaping  in  vacuum  or  in  an 
inert  gas  medium.  Tungsten  is  shaped  only  in  the  hot  state.  The  shaping 
deformation  temperature  of  casu;  tungsten  lies  between  the  limits  of 
1650-12000.  It  is  preferable  to  perform  it  in  vacuum  or  in  an  inert  gas 
medium.  Tungsten  is  machined  with  difficulty  at  room  temperature.  Hence 
products  from  tungsten  are  heated  to  400-500°. 

In  engineering  tungsten  is  used  in  the  pure  form  and  in  the  form 
of  alloys  (see  Tungsten  Alloys).  Metallic  tungsten  is  used  extensively 
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In  the  electric  lamp,  radio  engineering  and  electric  vacuum  industry. 
Filaments,  heating  elements  and  grids  of  high- temperature  vacuum  ovens, 
emitters,  electric  contacts,  x-ray  tube  cathode,  etc. ,  are  made  from 
tungsten.  Tungsten  is  widely  used  in  the  metallurgical  industry  in  the 
production  of  alloyed  steels  and  hard  alloys  and  in  the  chemical  indus¬ 
try  for  the  production  of  dyes  and  catalizers.  Tungsten  may  have  use  in 
the  future  in  rockets  and  Jet  technology  for  products  operating  at  high 
temperatures  (up  to  2500-2700°),  and  also  in  the  atomic  industry  (cru¬ 
cibles  for  storing  radioactive  materials,  and  other  products). 

When  using  tungsten  for  work  in  an  oxidizing  medium  it  must  be 
protected  by  special  coatings  (see  Protective  Coatings  of  Tungsten). 

Hie  mechanical  properties  of  tungsten  depend  on  the  degree  of  its 
purity,  the  state  of  the  metal  and  the  test  conditions.  The  most  un¬ 
favorable  effect  on  the  properties  of  tungsten  is  exerted  by  admixtures 
of  0 2,  N2,  C,  Fe,  P,  Si  and  other  elements.  These  admixtures  are  pre¬ 
sent  in  commercial-grade  tungsten  in  amounts  from  hundredths  to  hundred 
thousands  of  percent  by  weight.  The  maximum  purity  of  commercial-grade 
domestically  produced  [in  the  USSR]  tungsten  is  99*95 $.  Tungsten  with 
commercial-grade  purity  is  very  brittle  at  20°.  The  temperature  at 
which  tungsten  passes  from  the  brittle  to  the  plastic  state  depends  on 
the  degree  of  purity  of  the  metal,  test  conditions  and  the  state  of  the 
metal  (hardened,  recrystallized).  The  temperature  threshold  of  cold 
shortness  of  hardened,  commercial -grade  purity  tungsten  (in  tension 
tests)  lies  at  about  300-400°,  and  that  of  recrystallized  is  about  500°. 
Very  high  purity  tungsten  which  is  obtained  by  multiple  zone  purifica¬ 
tion  by  electronic  rays  is  plastic  at  20°  (the  relative  elongation  is 
12-15$).  The  recrystallization  temperature  of  commercially  pure  tung¬ 
sten  comprises  1450°.  Typical  mechanical  properties  of  99*95$  pure 
tungsten  in  the  hardened  and  recrystallized  states,  obtained  by  testing 
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round  specimens  of  the  metal  with  ♦  5  mm  and  working  length  ">f  25  mm 
are  presented  in  Table  1. 


TABLE  1 


Mechanical  Properties  of 
Tungsten  at  20®  and  400° 
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1)  Properties;  2)  HB 
(kg/tam*);  3)  of  deforma¬ 
tion  hardened;  4)  recrys¬ 
tallized;  5)  E  (kg/nm2;; 
6)  E  (kg/mm2);  f)  com¬ 
pressibility  coefficient. 


Pig.  1.  The  temperature  dependence  of  the  strength  of  tungsten.  1)  kg/ 
mm2;  2)  deformation  hardened;  3)  recrystallized;  4)  temperature,  6C. 


Fig.  2.  Change  in  the  plasticity  of  tungsten  as  a  function  of  the  tem¬ 
perature.  1)  Recrystallized;  2)  deformation  hardened;  3)  d  and  f  in  Jf; 
4)  test  temperature,  #C. 


Tungsten  exceeds  all  the  metals  by  its  high- temperature  strength. 
Changes  in  the  momentary  strength  of  tungsten  as  a  function  of  the  tem- 
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perature  are  shown  in  Fig.  1,  and  changes  of  the  plastic  properties  are 
given  in  Fig.  2.  They  were  determined  by  testing  specimens  of  the  cast 


TABLE  2 

Ultimate  Strengths  of  Tung¬ 
sten  at  Temperatures  2250-2800° 
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Fig.  3.  Change  in  the  modulus  of  elasticity  of  tungsten  as  a  function 
of  the  temperature.  1)  E,  kg/mm2* 104;  2)  temperature,  °C. 

metal  (*  =  5  mm  and  working  length  25  mm)  in  an  argon  medium.  Up  to 
temperatures  of  the  order  of  1500-l600o  the  momentary  strength  of  de¬ 
formation  hardened  metal  is  lower  than  that  of  re cry stall! zed  metal. 

p 

The  yield  strength  of  tungsten  at  2000°  is  8  kg/mm  ,  at  2200°  it  is  6 
2  2 

kg/fam  and  at  2500°  it  is  3  kgy4m  .  The  creep  strength  of  tungsten  at 
these  temperatures  varies  with  time  as  shown  in  Table  2.  The  plasticity 
of  cast  tungsten  increases  continuously  as  the  test  temperature  is  in¬ 
creased  (for  the  sintered  metal  it  drops  at  temperatures  above  1400°). 

Hie  ultimate  creep  strength  of  tungsten  after  100  hours  at  1370® 
is  7  kg/mm  and  at  1500°  it  is  6  kg/mm  .  It  was  determined  by  testing 
sintered  tungsten  specimens  (♦  =  6.35  mm  and  the  working  length  19  mm) 
in  a  helium  atmosphere. 
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References:  Smi tells,  K.  G. ,  Tungsten,  translated  from  English, 
Moscow,  1958;  Slavinskiy,  M.  ?.  Fiziko-khimicheyskiye  svoystva  elementov 
[Physicochemical  Properties  of  the  Elements].  Moscow,  1952;  Nuclear  Re¬ 
actors,  translated  from  Qnglish,  Vol.  3,  Moscow,  1956  (Materials  of  the 
Atomic  Phergy  Commission  of  the  USA);  Abashin,  G. I.  and  Pogosyan,  G.M. , 
Tekhnologiya  polucheniya  vol’frama  1  molibdcna  [Technology  of  Obtaining 
Tungsten  and  Molybdenum].  Moscow,  i960;  Gavrilyuk,  M.  I.  and  German, 

Ye.N. ,  in  the  book:  Sbomik  nauchnykh  dokladov  po  teorii  zharoprochnosti 
[Collection  of  Scientific  Reports  on  the  Theory  of  Heat  Resistance], 

Page  224,  Moscow,  1961;  Austin,  W.W. ,  "Metal  Progress,”  Vol.  76,  No.  6, 
pages  71-75*  1959;  Green,  W.  V. ,  "Trans.  Metallurg.  Soc.  AIME, "  Vol.  215, 
pages  1057-60,  1959. 


M.  I.  Gavrilyuk 
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TUNGSTEN  ALLOYS  -  tungsten- based  alloys  with  addition  of  other  al¬ 
loying  elements. 

The  most  extensively  used  tungsten  alloys  In  the  USSR  as  well  as 
abroad  are  those  of  tungsten  with  rhenium.  Addition  of  25-35#  of  rhenium 
reduces  the  temperature  at  which  tungsten  passes  to  the  brittle  state, 
sharply  Increases  the  plasticity  at  20°  and  also  Improves  its  produc¬ 
tion  process  properties,  particularly.  It  makes  it  possible  to  obtain 
welded  seams  which  are  plastic  at  room  temperature.  The  alloys  are  pro¬ 
duced  by  methods  of  powder  metallurgy  and  by  melting  In  electric  arc 
vacuum  furnaces,  unlike  sintered  tungsten,  the  cast  metal  has  a  very 
coarse-grained  structure  and  hence  it  is  pressure  worked  and  machined 
poorly,  but  under  certain  conditions  It  may  have  a  lower  temperature  of 
transition  to  the  brittle  state  (see  Tungsten). 

The  workability  of  the  cast  metal  can  be  Improved  by  reducing  the 
grain  size  by  adding  modifiers  in  the  melt.  The  cast  metal  is  used 
primarily  for  making  linings  for  the  throat  sections  of  rocket  nozzles 
using  solid  fuel. 

Vacuum  smelting  in  electric  arc  or  in  electron-beam  furnaces  can 
be  used  for  obtaining  ingots  for  further  remaking  into  semifinished 
products  or  for  direct  production  of  simply  shaped  products.  When  pro¬ 
ducing  intricately  shaped  castings  from  tungsten  alloys  the  metal  is 
melted  in  lined  furnaces  and  centrifugal  castings  in  graphite  ingot 
molds  is  used.  This  method  is  used  for  obtaining  blanks  of  rocket  noz¬ 
zles  made  from  on  alloy  of  50#  tungsten  and  50#  molybdenum  weighing  up 

to  28  kg  and  rings  up  to  250  urn  in  diameter  and  weighing  about  100  kg. 
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The  ingot  diameters  can  vary  within  wide  limits,  from  80  to  250  mm. 

Tungsten  Ingots  are  usually  plastically  shaped  by  pressing  at  tem¬ 
peratures  1650-2300°.  Blanks  obtained  In  this  manner  can  be  forged  and 
rolled  at  lower  temperatures. 


Mechanical  Properties  of 
W-Rb  Alloys* 
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of  material;  3]  test  temperature 
(®C);  4)  kg/sm*;  5)  ca8t  recrys- 
talllzed;  o )  cast  not  recrystal- 
11  zed. 

Among  the  other  alloys  particular  attention  Is  paid  abroad  to 
tungsten  alloys  with  molybdenum.  According  to  data  of  the  "Climax  Molyb¬ 
denum"  Company,  an  alloy  consisting  of  850  V  and  150  Mo  Is  suitable  for 
work  at  3038°.  High  strength  properties  are  also  exhibited  by  an  alloy 
with  250  Mot  0.  110  Zr  and  0. 050  C.  This  alloy  has  an  ultimate  strength 
at  980°  of  69.1  kg/tam2  and  at  1316°  its  ultlrmte  strength  is  51.6  kg/ 
Am2. 

When  heated  In  air  to  above  400°  all  tungsten  alloys  are  highly 
oxidized  for  which  reason  the  service  and  performance  of  production 
process  operations  (hot  forming,  welding,  soldering,  heat  treatment, 
etc. )  should  be  performed  in  a  vacuum  or  In  an  Inert  gas  medium.  In  the 
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case  when  tungsten  alloys  are  to  be  used  in  an  oxidizing  medium,  the 
products  should  be  coated  by  special  protective  coatings  (see  Protective  ) 
Coatings  for  Tungsten). 

W-Bs  alloys  are  used  for  the  making  of  thermocouples  and  electric 
contacts,  and  W-Mo  alloys  are  used  for  rocket  engine  nozzles. 

References:  Savitskiy,  Ye.M. ,  Tylklna,  M.A.  and  Shishkina,  L. L. , 

"1AM.  OTN.  Metallurgiya  i  toplivo"  (Rill.  Acad.  Sci.  USSR,  Tech. 

Sciences  Section,  Metallurgy  and  Fuel).  Ho.  3,  1959;  "Missiles  and 
Rockets,"  Vol.  3,  No.  48,  page  68,  1959;  Lement,  B. S.,  and  Perlmuter, 

J. ,  "J.  Less-Common  Metals,"  Vol.  2,  Nos.  2-4,  pages  253-71>  I960. 

M.  I.  Gavrllyuk,  0.  Z.  Budzlnskiy 
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TUNGSTEN  BANS  -  round  and  square  semifinished  products  used  as 
electrodes  for  arc  welding,  in  the  manufacture  of  various  components  by 
machining,  and  in  the  manufacture  of  strips  by  rolling.  Bars  up  to  1  m 
in  length  and  50  x  50  mm  in  cross  section  are  now  produced  in  the  USSR 
(see  Tungsten  wire). 
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TUNGSTEN  COATINGS  —  tungsten  layers  of  various  thickness  applied 
on  the  surfaces  of  components  made  from  metal  graphite,  ceramics  and 
other  materials.  Tungsten  can  bs  applied  to  component  surfaces  by  pre¬ 
cipitation  from  the  gas  phase  and  sp._o.ying  by  a  plasma  burner  (see 
Plasma  Spraying  of  Tungsten)  and  by  electrolysis  from  molten  salts. 

Precipitation  from  the  gas  phase  is  performed  by  pyrolitic  decom¬ 
position  of  tungsten  carbonides  [W(CO)g]  and  reduction  of  tungsten  hexa¬ 
fluoride  (WFg)  or  tungsten  hexachioride  (WClg)  by  hydrogen. 

Ihe  most  premising  method  for  obtaining  tungsten  is  its  extraction 
from  KFg.  Tungsten  forms  with  fluoride  only  one  compound,  which  is  WFg, 
which  is  gaseous  at  room  temperature.  The  production  process  involved 
in  precipitating  tungsten  from  WFg  consists  in  passing  a  mixture  of 
gaseous  and  WFg  (in  a  1:3  ratio)  over  the  surface  of  the  product 
which  is  heated  to  650-700°,  When  the  gas  mixture  comes  in  contact  with 
the  product’s  surface  the  tungsten  is  deposited  and  they  hydrogen 
fluoride  (HF)  which  is  formed  in  the  reduction  reaction  is  adsorbed  by 
an  entrainment  separator. 

Tungsten  is  precipitated  from  WFg  at  the  rate  of  1.6  mm  per  hour; 
here  it  is  deposited  in  the  greatest  amounts  at  the  first  instant  of 
gas  supply.  It  is  possible  to  obtain  a  uniform  rate  of  tungsten  deposi¬ 
tion  with  respect  to  time  by  designing  the  installation  in  such  a  man¬ 
ner  as  to  supply  gas  uniformly  to  the  component’s  surface. 

Tungsten  precipitated  from  the  gas  phase  is  highly  pure  and  of 

high  density  (19. 3  g/ern^).  Its  density  is  higher  that  that  of  tungsten 

obtained  by  plasma  spraying.  The  hardness  of  precipitaced  tungsten  is 
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475  HV.  This  method  can  be  used  to  obtain  both  thin  tungsten  coatings 
on  various  components  and  entire  components  of  simple  shape,  for  exam¬ 
ple,  sleeves,  tubes,  etc.  In  the  latter  case  tungsten  is  deposited  on 
special  metal  frames  which  can  be  removed  by  chemical  diluting. 

Tungsten  coatings  can  find  various  uses  in  the  industry:  1)  or 
components  operating  at  very  high  temperatures  and  reducing  and  neutral 
media,  for  example,  nozzles  of  rockets  and  guided  missiles.  The  basic 
materials  for  such  components  can  be  successfully  made  from  metals  with 
a  lower  melting  temperature  and  a  smaller  specific  weight,  such  as  iron 
or  nickel  base  alloys,  and  also  graphite,  ceramics,  etc.,  2)  For  cast¬ 
ing  molds  for  casting  under  pressure,  which  are  made  from  molybdenum 
and  coated  by  tungsten,  which  are  used  for  obtaining  rods  of  highly 
radioactive  metals.  3)  For  applying  a  thin  layer  of  tungsten  on  molyb¬ 
denum  with  subsequent  siliconizing.  In  this  case  it  can  be  useful  as  a 
reinforcing  element  for  the  silicon  coating  (see  Protective  Coatings 
for  Molybdenum).  4)  For  components  subjected  to  friction,  taking  into 
account  the  high  wear  resistance  of  the  tungsten  coating. 

References:  Schultze,  H.  W. ,  "Metal  Progr. , "  Vol.  76,  No.  3,  pages 
74-80,  1959;  "Nat.  Bur.  Standards.  Technical  news  bulletin, "  Vol.  44, 

No.  2,  pages  32-33*  I960;  "Missiles  and  Rockets,"  Vol.  7,  No.  11,  pages 
23-24,  i960. 


Ye.N.  Novikova 
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TUNGSTEN  SHEET  Is  produced  by  forging  and  subsequent  rolling.  For 
the  production  of  sheet,  strip  and  foil  from  tungsten,  use  is  made  pri¬ 
marily  of  the  metal  obtained  by  the  powder  metallurgy  method.  Blanks  of 
sintered  tungsten  are  first  forged  into  strip  at  1500°  and  are  then 
rolled  at  1400°.  In  the  course  of  the  reduction  of  the  str^p  thickness 
the  rolling  temperature  is  gradually  reduced  to  1000-800°.  Since  tung¬ 
sten  becomes  quite  brittle  on  recrystallization,  all  the  operations  in 
the  production  of  tungsten  sheet  must  be  carried  out  below  the  recry¬ 
stallization  temperature.  Heating  of  the  metal  for  rolling  is  performed 
in  a  hydrogen  atmosphere.  The  oxidized  surface  layer  is  removed  by  im¬ 
mersion  of  the  tungsten  sheet  in  molten  caustic  soda.  As  a  rule,  the 
sheets  are  not  subjected  to  annealing  after  rolling.  In  case  of  neces¬ 
sity,  a  low-temperature  anneal  of  the  sheets  is  performed  at  1000-1200° 
to  relive  the  stresses.  The  dimensions  of  the  tungsten  sheets  are  de¬ 
termined  by  the  size  of  the  initial  blanks  and  may  vary  over  wide  lim¬ 
its.  In  view  of  the  brittleness  of  tungsten  at  room  temperature,  bend¬ 
ing  and  stamping  of  tungsten  sheet  must  be  performed  in  the  hot  condi¬ 
tion.  Depending  on  the  sheet  thickness,  the  working  temperature  may 
vary  in  the  limits  from  100  to  600°.  Tungsten  sheet  can  be  bent  and 
stamped  with  strict  observance  of  the  temperature  regime.  Cutting  of 
the  sheets  is  done  best  by  use  cf  an  emery  stone.  The  tungsten  sheet 
can  be  welded  by  spot  contact  welding  with  the  use  of  a  tantalum  foil 
gasket.  Tungsten  sheet  and  strip  find  wide  application  as  heaters  and 
screens  for  high -temperature  vacuum  thermal  frrnaces,  for  details  of 


electron  tubes  and  other  instruments. 


M. I.  Gavrllyuk 
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TUNGSTEN  WIRE.  This  wire  is  produced  from  scintered  tungsten  by- 
powder -metallurgical  pressure  working,  pressing  the  powdered  tungsten 
into  square  moldings  in  steel  press  forms  under  a  pressure  of  2-3  t/ 
/cm2. 


TABLE  1 

Characteristics  of  Tungsten 
Wire 


1 

Cinflcria 

|  nitonruiOKA 
nepewx  ncpe- 
xoanii 
(3—2  MM) 

1  3 

1  Toiikah  llpft- 
Mo/io«a 
(20 -Mmh) 

a  l  (ml  mm')  4  | 

75— fOfl 

j  425—470 

f:  (miMM') 

|  12000-15000 

35000-  13001! 

ft  <%> 

j  0, 5-1.0 

0,8-1. 2 

a- 10"  (20 — tiiOH-) 

(t°C)  | 

.5-6.0 

1 

4. 5-6, 3 

X  <20 —  1000°!  « 

(XUA  CM  CtH  °C\  I 

j  0,38—0.29 

- 

1)  Characteristic ;  2)  initial-conversion  wire  (3-2  mm);  3)  thin  wire 
(20-15  M-);  4)  kg/mm2;  5)  cal/cm»sec  *°C. 

TABLE  2 

Vapor  Tension  of  Tung¬ 
sten 


1  TeMiwcvrypa 

CCl 

2VnpjrrocTb  oapa 
(aji  pm.  cm.) 

1530 

1.93  10-'* 

2130 

7.9  Ilf 

2730 

6.55  10- 

3130 

4.86  1 0 - • 

3190 

1.0  10-» 

1)  Temperature  (#C); 

2)  vapor  tension 
(mm  Hg). 
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TABLE  3 

Electronic  Emission  of 
Tungsten 


.  ToMnernrypa 

<*C) 

OjIfHTIlOllliaH  0MMOCNR 

2  (or**) 

830 

i.»  tn-'» 

1830 

2,310-' 

1730 

l.C 

2230 

2*8 

1}  Temperature  (°C); 

2)  electromic  emission 
(amp/cm2) . 


The  pressed  moldings  are  subjected  to  preliminary  scintering  at 
1150-1300°  in  a  hydrogen  atmosphere  and  then  to  high- temperature  treat¬ 
ment  by  passing  a  current  through  them  in  special  welding  equipment; 
the  heating  obtained  reaches  90-95#  of  the  melting  temperature  of  the 
moldings.  Such  treatment,  referred  to  as  'welding,"  ensures  production 
of  almost  completely  compact  metal  and  permits  further  pressure-work¬ 
ing.  Moldings  subjected  to  "welding"  are  forged  into  round  bars  in  ro¬ 
tary  forging  machines  and  converted  to  wire  by  drawing. 

Tungsten  wire  is  manufactured  in  diameters  of  from  3  mm  to  2-3  u- 
A  continuous  increase  in  the  strength  of  the  tungsten  occurs  as  proces¬ 
sing  continues  and  the  diamter  of  the  wire  is  reduced.. 

When  necessary,  the  hot  strength  of  tungsten  wire  can  be  raised 
by  adding  oxides  (Th02,  Si02,  AlgO^,  etc. )  to  the  raw  materials.  This 
makes  it  possible  to  obtain  nonsagging  wire,  which  is  very  important 
in  applications  such  as  vacuum  tubes,  where  tungsten  filaments  are 
used.  Table  1  shows  certain  characteristics  of  tungsten  wire. 

In  connection  with  the  fact  that  tungsten  wire  is  employed  princi¬ 
pally  in  tubes  which  Incandesce  at  high  temperatures,  the  vapor  ten¬ 
sion  of  tungsten  at  various  temperatures  is  a  very  important  index 
(Table  2). 

Incandescent  tungsten  wire  emits  surface  radiation  with  an  energy 
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that  Increases  with  temperature*  for  example,  the  power  of  the  radiant 

energy  emitted  is  0.9  watts/cm2  at  800°  and  245  watts/cm2  at  30300. 

Table  3  shows  the  electronic-emission  characteristics  of  tungsten. 

c 

The  specific  resistivity  of  tungsten  wire  is  5.5*10”  ohm*cm  at 
20°  and  66*10^  ohm* cm  at  2000°. 

Tungsten  wire  is  widely  used  in  enginerring  (principally  for  vari¬ 
ous  types  of  vacuum  tubes),  in  instruments,  and  as  incandescent  ele¬ 
ments  in  electric  furnaces. 

References :  Meyerson,  G.A.  and  Zelikman,  A.N. ,  Metallurgiya  red- 
kikh  metallov  [Metallurgy  of  Rare  Metals],  Moscow,  1955>  Smittels,  K.J., 
Vol'fram  [Tungsten],  translated  from  English,  Moscow,  1958 

V.S.  Rakovskiy 


4228 


TURBINE  AND  BOILER  BUILDING  STEEL  —  steel  for  making  the  principal 
components  of  steam  and  gas  turbines  and  also  of  steam  boilers.  It  is 
TABLE  1 

Chemical  Composition  of  Steel  for  Welded  Boiler  Com¬ 
ponents 


CnjMpiMHM  Meamrroi  <%) 


^  Ctwio 

G 

.SI 

Mn 

Nl 

Mo 

8 

I  P 

■WW 

ne  6omt 

jj  rtMmwr* 

2UK  . 

0,18- 

0,24 

0.15- 

0 ,  .10 

0,15- 

0,15 

0,30 

<0.30 

- 

n.043 

0.040 

<«.S0Ol 

:2i>  . 

0,18- 

0.25 

»»,  17- 
0,37 

0.7- 

0.0 

0.30 

.  0.3O 

0.O43 

0.043 

o.l  Tl 

IBTHM . 

0,12- 

0,20 

0.17- 

0,37 

0,7- 

O.t 

-'0,30 

1.0- 

1.5 

0,40- 

0.35 

0,040 

0.033 

— 

. 

0. OS- 
0,  IS 

0.17- 

0,37 

0.4- 

0.7 

0.1- 

1.2 

C0.2S 

0,25- 

0.33 

0.025 

0.033 

0.15-0,30  V; 
<0,20  Co; 

0.25NI 

ijxim® . 

0.  10- 
0.IS 

0,|S- 

0.33 

0.4- 

0.7 

1.1  — 
1.4 

JO.  30 

0.0- 

i.l 

0,025 

0.030 

0.20-0. 35V 

MSHI2T . 

1  XI4HI3R2KP 

<0.12 

v-'O.SO 

I.O- 

2.0 

17,0- 

10.0 

.1.0- 

.0.0 

0.020 

0,033 

T1-(XC- 

0.WK 

<0.70. 

(3HS05P) . 

XISHI4B2BP 

0.07- 
0, 12 

<0.8 

1.0- 

2.0 

13.0- 

.3.0 

10,0- 

00.0 

0.020 

0,035 

2.0-2.75  W; 
O.t-i.J  no; 
0.005  B; 
0.020  Co 

(om?) . 

0.07- 

0.12 

-0.0 

1.0- 

2.0 

15-17 

.0-13 

0.020 

0.03 

2.0-2.73  W; 
0. 0-1.3  NO; 

0.0*3  •; 
0.0*  Co 

l)  Steel;  2)  element  content  {%);  3}  not  more  than;  4)  other  elements; 
5}  l60NM;  6)  12KhlMF;  7)  15KhlMlF;  8)  Khl8N12T;  9)  lKhl4Nl8V2BR  (EI695- 
R);  10)  Khl6Nl4V2BR  (EP17). 


Pig.  1.  Yield  strength  (dashed  line)  and  the  ultimate  creep  strength 
after  100,000  hours  (solid  line)  of  boiler  component  steel  as  a  func¬ 
tion  of  the  temperature.  1)  20K;  2)  22K:  3)  l60)W;  4)  12MKh:  5)  12KhlK- 
p£_6)  15KhlMlP;  7)  Khl8N12T;  8)  lKhl4NlSv2BR;  9)  lKhl6Nl6NV2BR;  A)kg/ 
/mBF,  gj  temperature  *C. 
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TABLE  2 

Mechanical  Properties  of  Steel  for  Welded  Boiler  Com¬ 
ponents 


1  CfM» 


2  Pernra  np*in.  odpaOoTHR 


Menian,  eauteTM  (no  Ty> 


4  ( KtlMM*) 


(N) 


5 

(ntmi'M*) 


20V 


22V 

lerHM 


8 

10  I2XIM« 
12 

14  XI8III2T 


16XUHHR2BP 

(3II883P) 

1^I8HI4R26P 

oni7> 


HnfiwUMMflRil  c  1*0—120*,  oi- 

5a*MUWHM  hr  Mmjtyie,  ormnr 
Bp*  *80—100*,  onijrcH  npn  (20— 
too*  ,  _  . 

7  7To  m 

Hopnnonouum  e  820—110*,  ox- 
(uiknukhw  hr  oouyxo,  omy<  k 

J npn  t*o— tin* . 

II«|!Mji>iita»n*x  c  880—880*,  «»*- 

i«RHUMM  II*  Muyie,  OTOyi’H 

npn  720— 780* . 

opRMxam  e  (020—  ioS»*. 
oxjunuwim*  hr  Rovtyi*.  ornytR 

opr  730-780*  .va.  . 

Hopmrjumrrr  c  -1050 -n  oo* , 
atMHomm  no  oouyxc  in  * 
ROM,  oroycR  opa  too*  ■  it*. 
MRT  (0  HOC.  NM.OPH  700*  •  tTR- 

HR*  20  WC.T5 . 

ApiiwnuMi*  e  1(00—1(80*. 
otaaRawNM  iu  MMytc  *n* 

AKICRRinORR  c  (080— ((00* 
(nejnrpt— tWRin  Tpytn),  r 
( 100—  ( ( S0*(aape«poMiHtirTpy- 
Ow),  oijuROwnac  ■  Mae  .... 


28 

27 

26 

>33 

24 

22 

22 


41-80 

>44 


5( 

48-88 

38 

34 

33 

33 


18-22 

20 


It 

21 

It 

33 

33 

33 


33 

43-30 

33 

30 

30 


8-7 
7  0 


7 

3- 7 

4- 3 


14 


l)  Steel:  2)  heat9 treatment  regime:  3)  mechanical  properties  {according 
to  TU);  4)  (kg/mm  );  5)  a„  (kgm/cm2);  6)  normalization  from  880-920°, 
air  cooling,  annealing  atn880-900®,  tempering  at  620-680°;  7)  same  as 
above;  8)  160NM:  9)  normalization  from  920-930°,  air  cooling,  tempering 
at  660-680°;  10)  12KhlMF;  11 )  normalization  from  930-980°,  air  cooling, 
tempering  at  720-760°;  12)  15KhlMlF;  13)  normalization  from  1020-1050*, 
air  cooling,  tempering  at  730-760°;  14)  Khl8N12T;  15)  normalization 
from  1050-1100°,  air  or  eater  cooling,  tempering  at  8oo°  for  10  hours 
or  at  700°  for  20  hours;  16)  lKhl4N18V2BR  (EI695R);  17)  austenitizing 
from  1100-1150°,  air  or  eater  cooling;  l8)  Khl6N14V2BR  (EP17);  19)  aus¬ 
tenitizing  from  1050-1100°  (superheater  tubes),  from  1100-1150°  (steam 
line  pipes),  eater  cooling. 


supplied  In  the  form  of  bar  stock,  forgings,  plates  and  castings.  All 
kinds  of  eeldlng  are  permitted  ehen  making  components  from  the  afore¬ 
mentioned  semifinished  products.  Steel  for  boiler  shells,  pipeline 
pipes,  superheater  tubes  and  Its  properties  are  described  In  Tables  1 
and  2. 

Carbon  steel  boiler  plate  is  supplied  In  the  normalized,  annealed 
or  high-tempered  states. 

TsL-20M  electrodes  are  used  for  welding  pipes  from  12KhlHF  steel, 
while  TsL-34  electrodes  are  used  for  welding  15KhlMlF  steel.  After 
welding,  the  12KhlMP  steel  Is  tempered  at  720-740°,  while  the  15KhlltlF 
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TABLE  3 


Mechanical  Properties  of  Pearlltlc  and  Martensitic- 
Ferritic  Class  Steel  for  Turbine  Components 


1 


CtnJIfc 


rZiXiU* 

O',  (DM  lot 

*jx*wi® 

gCtM72J) 

i 02&xiiii® 

(PJ) 

.  '0X3MD* 

l{*20XtMl®tTI> 

(□ni*:) 

JoXlNietBP 

16  SSW 

1$ 

.  :XI3  20 

-  t  XtlM® 

22 

fXIJBHM® 

2k  ClH»»2.  )H»S2. 
C  I4XI2BW®) 
~.s  }Xt2BMfi®P 
2d-  I3HIUI 

23  i>x>tK«B 


Pemaa  TrpMa*.  oflpaflonm 


•HUM  c  »*0-#40* »  *xat. 

orayca  ap«  I20-M0*  7 
lop— ami  e  io»o-Mh«o*. 


>pmmihm  <  07o— too*, 

wp— w a  C  030-I40*, 
jtayra  npa  Mn-7(.«*  n. 
war  opa  »sn-»oo*.  #0. 
Maaa  r  lu&u— lluu*.  auUM 
;  M0-t02o*  •  aatar.  uruycK 
■pa  ••B-MO’TT  .  . 
ku«>  c  »»n-TrtO*  a.  Bar  at 
rtrapra  apa  ••«— 72«*  lr). 
jpaaaawaaa  e  JJJU*.  nrnyr* 

■pa  700—724*  .IT . 

huh  e  ttlO-toSO*  aa  mu- 
iyi«  aaa  •  aacaj,  orayc* 
•pa  7S0~74>**  .  IQ.  .  .  . 

aaaaar  1030-1020*  mM  a-uay 
it  aaa  a  aac at.  otnyra 
pa  720-740*  3 1  .  .  . 

£  •‘ioso-hoo* 

‘  21_ 


ipa  720-740* 
toio*  a  Marat 


3aaaaM*r  1040*  a  aaeat,  orayra 
-apa  •40—700*  .  d  l  .  . 

HopBaaaauwa  e  noo-iijo*. 

jtopaaaaaMtaa  r  lOIO-UIO*. 
otwyea  apa  7*0—740*  • 


i  Maaaaaa.  >  aoUrta^  (no  TV) 


0. 

** 

• 

* 

5a. 

4  (M/M*)  t* 

(4 

It 

74 

40 

14 

10 

‘ 

74 

•0 

l« 

40 

.1 

44 

•4 

13-1* 

34-40 

4-4 

04-74 

•0 

12-13 

.14-44 

4.--7.0 

74 

nz 

«» 

44 

70— *i> 

to 

14 

40 

r.,u 

40— 4f 

lu-ll 

17-20 

44-00 

» 

44-40 

70 

(0-1* 

10—  Oil 

7  -0 

SO 

to 

IS 

0 

•  i-75 

*0  '0 

14-17 

34-  44 

1-4 

40 

12 

44 

t 

4#=-#4 

7o 

it 

4» 

4 

1}  Steel:  2)  heat«treatment  regime:  3)  mechanical  properties  (according 
to  TO);  4)  (kg/nmr);  5)  (kgm/em*);  6)  25KhlMF  (ELIO);  7)  quenching 


from  930-950*  in  oil,  tempering  at  620-660 °;  8)  25Kh2MlF  (EI723)j  9) 
normalizing  from  1030-1060°,  normalizing  from  950-970“ .  tempering  at 
680-700°;  12)  2QKh3MVF  (EX415);  13)  annealing  at  950-960°,  normalizing 
from  1050-1100°,  oil  quenching  from  980-1020°,  tempering  at  660-680°; 
14)  2QKhlMlFlTR  (EP182);  15)  oil  quenching  from  980-1000°,  tempering  at 
680-720°;  16)  20KhlMlFlB8  (SP44);  17)  normalizing  from  1030°,  tearing 
at  700-725°;  18)  lKhl3;  19)  quenching  from  1030-10500  in  air  or  oil, 
tempering  at  730-750°;  20)  2Khl3;  21}  quenching  from  1000-1020°  in  air 
or  oil,  tempering  at  720-750°;  22)  lKhllKP  (15KhllMP);  23)  normalizing 
from  1050-1100°,  tempering  at  720-740°;  24)  lKhl2V!MP  (0002,  El 952. 
15Khl2VMP);  25)  oil  quenching  from  1050°,  tempering  at  660-700°;  26) 
2Khl2VMBFR  (EI993);  27)  oil  quenching  from  1050°,  tempering  at  650- 
700°;  28)  loKhllMFB;  29)  normalizing  from  1100-1130°,  normalizing  from 
1080-1110°,  tempering  at  730-750°. 


steel  is  tempered  at  750°.  Pipes  from  the  Khl8N12T  austenitic  steel  are 
not  prone  to  Intercrystalline  corrosion.  The  TsT-15  electrode  is  used 
for  welding  the  Khl8N12T  steel.  TOe  AZh-13-l8  electrode  is  used  for 
welding  pipe  Joints  from  lKhl4Nl8V2BR  steel  with  subsequent  austenizing 
at  1100*.  Figure  1  shows  the  change  in  the  ultimate  yield  and  creep 
strengths  of  steel  for  boiler  component  as  a  function  of  the  tempera - 
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Chattel 1  Composition  of  Pear 11 fie  and  Martensitic-Ferritic  Class  Steel 
for  Turbine  Coaponents 


Pig.  2.  Ultlaate  yield  (dashed  line)  and  creep  strengths  after  100,000 
hours  (solid  line)  of  turbine  component  steel  as  a  function  of  the  t su¬ 
perstore.  1)  34XhM;  2)  25KhlMlF;  3)  £CKh3MVP  (aQ  g  -  65  kg/—2);  4)  20- 
kh3MVF  (oQ  2  •  75  kg/—2);  5)  lKhlSVIW;  6)  2Khl2VMBPR;  7)  IM1I3.  A) 
kg/-2;  bT  t —pc  rat  ure,  *C. 


tore 

Pipes  from  the  12XhlMP  steel  retain  their  prop-,  -ties  and  structure 
In  attended  -  perstlon  at  r*0*.  The  eorkhardenlng  redu.ee  the  creep 
plasticity  of  Xhl6M12T  steel  ehlch  Is  reflected  Ik.  the  pipe  properties. 

*2  3? 


i 
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Fig.  3.  Ultimate  yield  (dashed  line)  and  100,000  hoar  creep  strengths 
(solid  line)  of  steel  and  austenitic  class  alloys  for  turbine  coeyo- 
nenta  as  a  function  of  the  temperature,  l)  Khl6N13M2B;  2)  3Khl9K9fCVBT 
3)  lKhl4Nl8VPBRl ;  4)  KhN35VT;  5)  BI612K;  6)  EI607A;  7)  BI869;  8)  8176? 
9)  EI402M-L;  10)  XA-1.  A)  kg/n m2;  B)  hours;  c)  temperature,  *C. 

TABLE  5 

Chemical  Composition  of  Steel  and  Alloys  of  the  Aus¬ 
tenitic  Class  for  Turbine  Components 


(>■*•»> 

.  IXItHMflST  «.M- 

,  <»■»?»  «.n 

ixuhiiiibpi  mi- 


OHIO) 


3N40TA 


,  XHMIT* 
i**  OMtU) 


II 

Ha 

Cr 

HI 

w 

Tl 

O.M- 

l.t 

1*,*- 

17,0 

II. 1- 
14.1 

- 

- 

<9.14 

*.»*- 

1*.*- 

4.4- 

1.4- 

*.!•— 

I.W 

»*.* 

1*.* 

l.l 

*.»• 

-»l.l 

1.4- 

1.4 

11.*- 
II. * 

11.*- 

s*.« 

1,4- 

I.T4 

— 

*<*r 

14.*- 

14.9- 

1.4- 

1.1- 

1*.* 

U.l 

i.% 

l.l 

<*.*• 

1.4- 

14  .*— 

14.9- 

1.4- 

l.l- 

<«.* 

<».» 

l.t 

1.9 

Cl.* 

I*.* 

Il.»- 

17.* 

14.  9- 
17.9 

I*.« 

I! 

1.1 

1.1 

1.4- 

t.l 

1.1- 

I.* 

«*.» 

14.*- 

l*.» 

4.9- 

*.» 

1.9- 

1.4 

*  *1 

Cl.* 

14.*- 

<«.« 

n.c- 

4.4- 

*.« 

l.l- 

l.l 

-  *.M*  *.*M 


-  *.*19  *.411 


ST 


*.*— 1 .1  W*; 
lii.mi 

i.M.itk 
MHI 
I  .#—1.1  HI; 
*. 4-1.4  At 
kl.lh 
t,*-I.INI; 
1, 1—1.4  AK 

l.MJ  p. 
I.M.Hk 


.e.Hi ». 
<M»C> 


1}  Steel;  2)  clement  content  (%);  3)  not  more  than;  4)  other  elements; 
5)  Jhl6R13N2B  (814051;  6)  3Khl9W9*VBT  (81572)  7)  lKhl4Hl8V2BRl  (Si¬ 
ll)  residue;  12)  fcL- 


Operations  involving  cold  shaping  (flexure)  must  be  followed  by  auaten 
Itlsing.  The  following  high-temperature  oxidation  resistance  has  been 
established!  0.07  am/year  at  585*  and  0.12  M/year  at  600*  for  the  12- 
KhlMF  steel;  0.09  M/year  at  570*  and  0.17  m^year  at  610*  for  the  15- 
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TABLE  6 

Mechanical  Properties  of  Austenitic  Class  Steel  and 
Alloys  for  Turbine  Components 


3 

Mcxbhhh.  CBodcTBa  (no  TV) 

CTil.1l> 

PCWMM  T0pm«.  OfipaSOTHB 
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4  i 
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<•:, 
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XI6HI3M2E 
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'3XI9H9MBBT 
g(UH5:2) 

AycreHirrsaaaaa  e  105 o —  I  100°,  cr»- 
'  pcHMe  Dps  750*  b  Tcse/we  10  me. 

24 

55 

30-40 

3.4-50 

5, 0-8,0 

A  y< TeHimnaaaa  c  1  150-1  180°  »  bo- 
„  ae,  crapeMnc  npa  700— 800*  a  re-ie- 
y  line  15—50  lac . 

30 

80 

30 

40 

*,0-8,0 

IX  UH18B2EPI 
U>H72tf) 

AyeT*HMT*a*a»H  c  1120—11*0°  hb 
aoaayie  bjm  a  uoae,  cTapoime 
apa  750°  a  Tesemic  25  >iac.  .  .  . 

22 

52 

30 

4  4 

5,0-12,0 

XH.75BT  ^ 
OH612) 

A  ycTBiiBTBaaUHK  c  1080—1100° 

b  Boae,  cTapeaae  npa  850—900° 

B  reseiiae  10  sac.,  CTipenae  npn 
700°  a  reseiiae  25—50  sac.  i  o .  . 
AyCTCHBTBianHH  c  I080-Hn)0° 

a  aofle,  cTapemie  npa  850—900° 
a  TeHcHHC  10  soc.,  c  rapeime  npa 
700°  a  reseiiae  50  <iac.  .  .15-  • 
AycrtHamiaaaan  c  1100*,  ina^pm- 
hb  5  sac.,  oxnawaexiie  a  aoae, 
crapeHse  npn  1000“  a  Tesewie 
7  2  sac. ,  oxaawaeHMB  ao  800°  b  Tese- 
1  HiB  2  sac.,  cTapemic  npa  750° 
b  resenae  20  sac.,  crapenae  apa 
700°  a  reseiiae  48  sac . 

40 

75 

25 

25-35 

5, o-8,0 

0UCi2K 

35 

85 

15 

35 

6,0 

3H607A 

1 

45 

85 

28 

! 

30 

7 

Lg  8H889 

AycT*H*iB3anaH  c  1080—1  100“  a  Te- 
sc:.ne  8  sac.,  crapenae  npa  1000° 
a  TesBHac  2  sac,,  oxaawneme 
ao  800°  a  reseinte  2  sac.,  crapenae 
npa  750°  a  resenae  20  sac.  IQ-  ■ 
AycTemmiaaaas  c  1150°,  Birnipw- 
wa  3  sac.,  oxnamaenae  a  aacac. 
CTapeHB^^npa  800°  s  TeseHHe 

55 

95 

24 

28 

10 

)f)  7jn  JBMIOT 
-u  (3H765) 

60 

105 

20 

25 

8 

XH35BTP 

22  (8H725) 

A/creHHTBaanaa  c  1130—1150°, 
cxjiamneHae  hb  aoaayxe,  CTape- 
hhb  apa  750°  a  reseiiae  24  sac. 
3 

45 

80 

20 

|  35 

10 

l)  Steel;  2)  heat  treatment  regime;  3)  mechanical  properties  (according 
to  T n);  4)  (kg/mm2);  5)  ^  (kgm/cm2);  6)  Khl6N13M2B  (EI405);  7)  austen¬ 
izing  from  1050-1100°,  aging  at  750°  for  10  hours;  8)  3Khl9N9MVBT  (EI- 
572);  9)  austenizing  from  1150-1180°  in  water,  aging  at  700-800°  for 
15-50  hours;  10)  lKhl4Nl8V2BRl  (EI726);  ll)  austenizing  from  1120-1140° 
in  air  or  water,  aging  at  750°  for  25  hours;  12)  KhN35"VT  (EI612);  13) 
austenizing  from  1080-1100°  in  water,  aging  at  850-900°  for  10  hours, 
aging  at  700°  for  25-50  hours;  14)  EI612K;  15)  austenizing  from  1080- 
1100*  in  water,  aging  at  850-900°  for  10  hours,  aging  at  700°  for  50 
hours;  16)  EI607A;  17)  austenizing  from  1100°,  holding  for  5  hours,  wa¬ 
ter  cooling,  aging  at  1000°  for  2  hours,  cooling  to  800°  during  2 
hours,  aging  at  750°  for  20  hours,  aging  at  700*  for  48  hours;  18)  EI- 
869;  19)  austenizing  from  1080-1100°  for  6  hours,  aging  at  1000°  for  2 
hours,  cooling  to  800°  during  2  hours,  aging  at  750*  for  20  hours;  20) 
KhN70VM7uT  (El 765);  21)  austenizing  from  1150°,  holding  for  3  hours, 
oil  cooling,  aging  at  800°  for  20  hours;  22)  KhN35VTR  (EI725);  23)  aus¬ 
tenizing  from  1130-1150°,  air  cooling,  aging  at  750°  for  24  hours. 


KhlMlF  steel,  and  0.015-0.070  mm/year  at  700°  for  the  lKhl6Nl4V2BR 
steel. 

The  chemical  composition  and  mechanical  properties  of  turbine  com- 
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TABLE  7 

Chemical  Composition  of  Steel  for  Cast  Turbine  Components 
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c 
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_ 
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0.025 

0,20-0.10  V  , 

-1  0  f2XHB2HM<J*-JI  (UW5)  .... 

o.  10-0,  if. 

0.  It—  0.40 

O.flll  -It,  60 

».h  1 . 1 

1.7- 

O.tO  0.40 

0.0.10 

0.0.10 

0.20-  0,15V 

11  J,A-' . 

12  3IU02MJ1 . 

•.  0.16 

<•0,12 

0.55 

?"0,G0 

0,7 

3. 5-4. 5 

r,.‘>  m;.<» 

11. 0 

1  .2 

1.4  r.  > 

0.6  1.2 

0,020 

0.025 

0.0.15 

0.025 

0. 1 5-0.16  Ti. 
2.0— 1,2  O, 
0.7  -1  Mi 

l)  Steel;  2)  element  content  (£);  3)  not  more  than;  4)  other  elements; 
5)  c.OKhM-1;  6)  20KhMF-l;  7)  15KhMlF-l;  8)  15KhllKVF-L  (KhllLB) ;  9)  15- 
KhMFB-1  (KhllLA);  10)  12KhllV2NMF-L  (TsZh5);  ll)  LA-1;  12)  EI402M-L. 


TABLE  8 


Mechanical  Properties  of  Steel  for  Cast  Turbine  Com¬ 
ponents 
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l)  Steel;  2)  heat?treatment  regime:  3)  mechanical  properties  (according 
to  TU);  4)  (kg/mm  );  5)  (kgm/cm2);  6)  20KhM-L;  7)  annealing  at  880- 

900°,  normalizing  from  890-910°,  tempering  at  640-660°;  8)  20KhMF~l;  9) 
normalizing  from  940-950°,  normalizing  from  920-940°,  tempering  at  69O- 
710°;  10)  15KhlMIF-L;  11 )  annealing  at  1050°,  normalizing  from  980- 
1000°,  tempering  at  710-740°;  12)  15KhllMVF-L  (KhllLB);  13)  normalizing 
from  1100°,  normalizing  from  1050°,  tempering  at  680-700°;  14)  15KhllM- 
FB-L  (KhllLA);  15)  annealing  at  886-900°,  normalizing  from  1130-11500, 
normalizing  from  1040-1060°,  tempering  at  750-770°;  16)  12KM1V2NMF-L 
(TsZh5);  17)  annealing  at  1100°,  normalizing  fror..  1050s,  tempering  at 
680°;  l8)  LA-1;  19)  austenizing  from  1150-1170°,  holding  for  2-4  hours. 
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aging  at  750-800°  for  5-10  hours;  20)  EI402M-L;  21)  austenizing  from 
Il60-ll80°,  holding  for  3  hours  and  air  cooling,  aging  at  750°  for  16 
hours. 


TABLE  9 

Uses  of  Turbine  and  Boiler  Building  Steel 


1 


OcHoiHue  wui 
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CriJtb  11  npcncflbiiaft  paOosnH  TP»in-pa 


o  BapaOaiui  kotaoi . 

J  Tpyflu  naponpoaosoi  a  aeperpcaa- 
[j  Tenet  Konraoa . 

Uammapw,  eooaoawe  kopoOkh,  ap- 
rj  MiTTpa  ■  np.  otjjmku  . 

Poropu  ■  wick*  TypflaH  h  np.  no- 

q  KOlKt  . 

PaOovM  ■  HtnpaufiniqM  nonarxi 

}  l  »>pC«H  . 


13 


Kptneamue  aeraaafOojrrw,  nnuubKH) 


20K,  22K.  lerHM 

12XIM<t>  (500").  15X1Mt<D  (580"),  XI8HI2T  (600*). 

,  1X14HI8U2BP,  1XI9H14B2EP  (050-600") 

20XM-J1  (540"),  20XM®-J1  (560").  15XIM1®-JI  (580"). 

-  15XltMB®41,  15X1  12XHB2HM®-JI  (580-600"). 

C  J1A-1,  3H402M-J1  (600-650") 

25XIM1®  (P2)  (540").  20X3MB®  (560"),  1 XI2IIHM®  (580- 
580").  X16H13M2B,  3X  I9H8MBET  (600"),  1 X I4H I8II2BPI , 

L  Q  XH35BT  (850").  3H6I2K  (7u0") 

1X13,2X13  (500").  tXllM®,  18X1  IM®E  (550").  IXI2BHM® 
(580").  X16H13M2B  (800»),  XH3  5BT  (650").  3H812K, 

[  2  3H807A  (709"),  3H669,  3H765  (750") 

25X1M®  (510  -  530*).  25X2M1®  (550");  '20X1M|®I  IP. 

2liXlMl®lBP  (560"),  2X12RMB&P,  1X12BHM®  (350-5fl:i’)a  p 
XH35BT  (650") 


1 5  Pimp*  cropairaii  (phctu) 


H35BTP  (750») 


l)  Major  components;  2)  steel  and  limiting  operating  temperatures;  3) 
boiler  shells;  4)  16GNM;  5)  steam  line  pipes  and  boiler  superheater 
tubes;  6)  12KhlMF  (560°),  15KhlMlF  (580*),  Khl8N12T  (600°),  lKhl4Nl8V2 
BR,  lKhl6Nl4V2BR  (650-680°);  7)  cylinders,  nozzle  boxes,  fittings  and 
other  castings;  8)  20KhM-L  (540°),  20KhMF-L  (560°),  15KhlMlF-l  (580°), 
15KhllMVF-L,  15KhllMF3-L,  12KhllV2NMF-L  (58O-6OO0),  LA-1,  EI402M-L 
(600-650°);  9)  turbine  disks  and  rotors  and  other  forgings;  10 )  25KhlM 
F  (R2)  (540°),  20KhMF-L  (560°),  15KhlMlF-l  (580°).  15KhllMVF-L,  15Khll 
V2NMF-L  (58O-6OO0),  LA-1,  EI402M-L  (600-650°);  11)  moving  blades  and 
guide  vanes  of  turbines:  12)  lKhi3,  2Khl3  (500°),  lEhllMF,  l8KhllMFB 
(550°),  lKhl2VNMF  (580°),  Khl6N13M2B  (600c),  KhN35VT  (650s),  EI612K, 
EI607A  (700°),  El  869,  EI765  (750°);  13)  fasteners  (bolts,  pins):  14) 
25KhlMF  (510-53 0°),  25Kh2MlF  (550°),  20KhlMlFlTR,  20KhlMlFlBR  (580°), 
2Khl2VMBFR,  lKhl2VRMF  (550-565°),  KhN35VT  (650°);  15)  combustion  cham¬ 
bers  (plates);  16)  KhN35VTR  (750s). 


ponent  (rotors,  disks.  Duckets,  bolts)  steel  are  presented  in  Tables  3 

6. 

The  temperature  dependence  of  the  mechanical  properties  of  steel 
and  alloys  for  turbine  components  is  given  in  Figs.  2  and  3. 

Rotor  forgings  for  up  to  ICO  megawatt  capacity  steam  turbines  are 
made  from  the  34KhM  steel,  forgings  for  high-pressure  stage  rotors  of 
higher-capacity  turbines  (150-300  megawatt)  are  made  from  the  25KhlMlF 
(R2)  and  20Kh3MVF  steels.  Disk  forgings  from  the  20Kh3MVF  steo]  are 
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Pig.  4.  Physical  properties  of  turbine  and  boiler  building  steels,  a) 
Modulus  of  elasticity  (l)  20K.  22K;  2)  Khl6N13M2B;  3)  3Khl9N9MVBT.  Kh- 
35VT;  4)  25KhlMF,  20Kh3MVP;  5)  lKhl3,  lKhl2VNMP;  6)  EI607A,  EI765)5  b) 
thermal  conductivity  (l)  20K,  22K;  2)  15KhlMlF;  3)  34KhM:  4)  12KhlMF; 

5)  20Kh3MVF;  6)  lKhl2VNMF,  2Khl2VMBPRj  7)  Khl8N12T,  lKhl4N18V2BR,  Khl6- 
N13M2B,  3Khl9N9MVBT,  EI607A,  EI869,  EI7&5;  8)  KhN35VT,  EI612K);  c)  mean 
liner  expansion  coefficient  (l)  Khl8N12T;  2)  lKhl4Nl8V2BR,  lKhl4N10V2B- 
Rl;  3)  3Khl9N9MVBT,  KhN35VTj  4)  EI612K;  5)  EI607A,  El86§.  EI765,  34KhM; 

6)  2 OK,  22K,  ISKhIMlP,  25KhlMlP,  l2KhlMP;  7)  20Kh3MVP;  8)  lKhl3,  lKhl2- 
VNMP,  2Khl2VMBFR;  9)  EI402M-L). 


are  supplied  with  higher  mechanical  properties  g  ■  75  kg/mm2)  than 
rotor  forgings  (^0#2  “  65  kg/rrn  ).  In  the  3Khl9N9KVBT  steel  after 
10,000-20,000  hours  at  6 00°  and  after  6000-10,000  hours  at  650°  an  in¬ 
termetalloid  o-phase  which  embrittles  it  at  20*  is  precipitated,  which 
limits  the  service  life  of  components  from  this  steel.  The  Khl6N13M2B, 
lKhl4N3 8V2BR1  and  3Khl9N9MVBT  steels  have  low  yield  strength  at  operat¬ 
ing  temperatures  and  a  high  creep  plasticity  (plasticity  store).  The 
KhN35VT  and  EI612K  steels  have  a  high  yield  strength.  The  E3612C  has  a 
higher  creep  plasticity  than  the  KhN35VT  steel.  The  lKhl2VMIP  stainless 
chromium  steel,  which  has  the  necessary  heat  resistance  and  high  creep 
plasticity  is  a  promising  material  for  steam  turbine  rotors  and  gas 

4237 


III-106t9 

turbine  disks  operating  at  temperatures  up  to  600°.  The  lKhllMF,  lKhl2- 
VNMF  and  2KhllMFB  stainless  steels  are  used  extensively  for  the  moving 
blades  of  turbines  of  150-300  megawatt  capacity.  Heat-resistant  austen¬ 
itic  steel  and  nickel -chromium  alloys  are  used  primarily  for  the  guide 
vanes  and  moving  blades  of  gas  turbines  (KhN35VT,  EI612K,  EI607A,  EI- 
869,  EE765,  etc.)  at  temperatures  of  650-750°.  Austenitic  steels  are 
also  used  for  gas  turbine  disks  (lKhl4Nl8V2BRl,  3Khl9N9MVBT,  KhN35VT, 
EI612K).  Austenitic  steels  are  welded  by  using  the  KTI-5,  KT-7,  etc., 
electrodes. 

Fasteners  (bolts,  pins)  are  made  extensively  from  the  25Kh2MFA  and 
25Kh2MlF  steels.  The  20KhlMlFlTR  and  20KhlMlFlBR  steels  are  most  relax¬ 
ation  resistant.  Bolts  and  pins  operating  at  65O-6800  are  made  from  the 
KhN35VT  steel,  while  nickel -chromium  alloys  (EI765  etc. )  are  used  for 
higher  temperatures.  The  fasteners  of  cast  turbine  casings  from  stain¬ 
less  chromium  steels  are  made  from  the  2Khl2VMBFR  and  lKhl2VNMF  steels. 

The  chemical  composition  and  mechanical  properties  of  steel  for 
cast  turbine  components  are  presented  in  Tables  7  and  8.  The  20KhM-L, 
2CKhMF-l  and  15KhlMlF-l  steels  have  come  into  the  most  extensive  use 
for  castings. 

The  TsL-l4,  TsL-20M  electrodes  are  used  for  welding  the  castings. 
The  15KhlU!VF-L  and  15KhllMFB-L,  which  have  a  good  weldability,  are 
promising  for  castings,  nozzle  boxes,  valves  and  other  components  of 
large  turbines.  Castings  from  austenitic  steels  are  used  for  working 
temperatures  above  600°. 

The  physical  properties  of  turbine  and  boiler  building  steels  are 
presented  in  Fig.  4,  and  the  uses  are  given  in  Table  9. 

References:  Liberman,  L.Ya.  and  Peysikhis,  M.I.,  Spravochnik  po 
svoystvan  staley,  primenyayemykh  v  kut lo turbos troyenii  [Handbook  on 
Properties  of  Steels  Used  in  Boiler  and  Turbine  Building],  2nd  edition, 
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Moscow -Leningrad,  1958;  Mikhaylov-Mikheyev,  P.B. ,  Spravochnik  po  metal - 
licheskim  materialam  turblno-  1  motorostroyenlya  [Handbook  on  Turbine 
and  Engine  Building  Metallic  Materials],  Moscow -Leningrad,  1961;  Sichi- 
kov,  M.P. ,  Metally  v  turbos troy enii  [Metals  in  Turbine  Building],  Mos¬ 
cow,  1954;  Liberman,  L.Ya. ,  Materialy,  primenyayemyye  v  energomashino- 
strcyenii  [Materials  Used  in  Power  Generating  Machinery  Building],  Mos¬ 
cow,  1961;  [Larichev,  V.A.  ],  Metall  dlya  ustanovok  vysokogo  davleniya 
[Metals  for  High-Pressure  Installations],  Moscow -Leningrad,  1948, 

L.Ya.  Liberman 
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TWINNING  -  a  form  of  plastic  deformation  in  which  a  portion  of  a 
crystal  reorients  itself  in  a  jump  into  a  position  parallel  to  the 
twinning  plane,  but  in  the  opposite  direction.  Twinning  can  take  place 
in  the  growth  of  crystal  as  well  as  on  their  formation.  In  the  latter 
case  twinning  is  sometimes  (for  example,  in  the  case  of  iron  and  many 
kinds  of  steel)  accompanied  by  audible  snapping.  The  temperature  de¬ 
pendences  of  the  stress  at  which  twinning  starts  and  of  resistance  to 
brittle  failure  are  frequently  very  close  to  one  another,  which  points 
to  the  interrelationship  between  the  processes  of  twinning  and  brittle 
failure;  cracks,  which  then  result  in  complete  failure,  are  produced  by 
twinning. 

References:  Schmid,  E.  and  Boas,  W,  Plastichnost '  kristallov,  v 
osobennosti  metallicneskikh  [Plasticity  of  Crystals,  in  Particular  of 
Metallic  Ones].  Translated  from  German,  Moscow- Leningrad,  1938;  Frac¬ 
ture.  Proceedings  of  an  intemation  conference  on  the  atomic  mechanisms 
of  fracture,  held  in  Swampscott,  Massachusets,  April  12-16,  1959#  ed. 

B. L.  Averbach  [a. o. ],  New  York-London  (1959)* 

Ya.  B.  Fridman 
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TWINNING  SLIP  —  See  Twinning. 
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TYPES  CP  ALUMINUM  —  classification  of  industrial  varieties  of  alum 
inum  in  accordance  with  their  content  of  impurities  of  iron,  silicon, 
and  copper.  The  types  of  aluminum  shown  in  the  table  are  standard 
(OOST  35^9-55). 

Types  A000-A3  are  ordinary-purity  aluminum  obtained  directly  from 
alumina  by  electrolysis  of  cryolite-alumina  melts.  Types  AVOOOO-AVO  are 


Chemical  Composition  of  Aluminum  (in  #) 


MipKt 

At 

2  llpiMeci  (He  flojiee) 

re 

Si 

re. SI 

Cu 

Bcero 

ABOOOO  ^ 

00.906 

0.0015 

0,0015 

_ 

0.0010 

0.004 

AB000  . 

09.00 

0.0030 

0.0025 

— 

0.0050 

0.010 

ABOO  .  . 

00.97 

0,015 

0.015 

— 

0.0050 

0.O3 

ABO  .  . 

99.93 

0,04 

0.04 

— 

0.01 

0,07 

AOOO  .  . 

00.60 

0.12 

0.10 

0.18 

0.01 

0.20 

AOO  .  . 

00.7 

0.16 

0,16 

0.26 

0,01 

0.30 

AO  .  ■ 

00.6 

0.25 

0,20 

0.36 

0.01 

0.40 

A1  ... 

99.5 

0.30 

0.30 

0.45 

0.015 

O.bO 

AX  .  .  . 

90.0 

0.50 

0.50 

0.00 

0.02 

1.0 

AX  .  .  . 

08.0 

1.  1 

1.0 

1.80 

0.05 

3.0 

1)  Type:  2)  impurities  (no  more  than);  3) 
total;  4)  AV. 


high-purity  aluminum  obtained  from  ordinary-purity  metal  by  electroly¬ 
tic  refining.  High  purity  aluminum  (designated  by  the  letter  nV” )  is 
employed  principally  for  the  production  of  chemical  apparatus  and  elec¬ 
trical  capacitors  and  for  research  work.  Aluminum  of  types  AOOO,  A00, 
and  AO  is  used  in  the  manufacture  of  foil,  for  protecting  (plating) 
sheets,  for  cables  and  current  carriers,  in  the  chemical  Industry,  and 
for  production  of  high-purity  alloys.  Aluminum  of  type  A1  is  widely  em¬ 
ployed  in  the  electrical  Industry  (for  the  manufacture  of  cables,  bus- 
bare,  etc.),  in  machine  building,  in  the  manufacture  of  aluminum  alloys 
and  in  the  fabrication  of  containers.  Aluminum  of  type  A2  is  used  prl- 
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marlly  for  the  production  of  alloys,  cables,  current  carriers,  and  lig¬ 
atures.  Aluminum  of  type  A3  is  used  when  less  rigorous  reouirements  are 
to  be  met:  in  the  production  of  alloys,  the  manufacture  of  ligatures, 
and  aluminothenny.  In  setting  up  plants  for  casting  aluminum  and  alumi¬ 
num-alloy  Ingots  by  the  continuous  method  aluminum  of  types  AC XX),  AOO, 
AO,  Al,  A2  and  A3  with  a  silicon-iron  rctlo  of  no  more  than  one  should 
be  used  to  improve  casting  properties.  In  addition  to  iron,  silicon, 
and  copper,  aluminum  may  contain  small  (of  the  order  of  0.0001-0.008# 
by  weight)  impurities  of  zinc,  titanium,  sodium,  manganese,  arsenic, 
antimony,  aluminum  oxides,  and  certain  other  compounds  and  elements. 

The  content  of  these  unstandard ized  impurities  must  be  taken  into  ac¬ 
count  in  each  individual  case.  For  example,  a  sodium  content  of  more 
than  0.005#  reduces  the  properties  of  Al-Mg  alloys.  Impurities  of  ti¬ 
tanium  or  manganese  have  a  detrimental  Influence  on  the  conductivity  of 
aluminum,  etc. 

Aluminum  is  produced  in  smooth  and  necked  ingots,  wire  billets, 
flat  and  round  billets,  and  aluminum  plate. 

References :  Al'tman,  M.B. ,  et  al. ,  Plavka  i  lit 'ye  legkikh  spla- 
vov  [Melting  and  Casting  of  Light  Alloys],  Moscow,  1956;  Belyayev,  A.I., 
Metal lurgiya  legkikh  metallov  [Metallurgy  of  Light  Metals],  4th  Edition 
Moscow,  1954. 
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TYPES  OP  FRACTURE  —  the  classification  of  the  various  kinds  and 
cases  of  fracture.  Types  of  fracture  are  often  differentiated  by  the 
ratio  of  Tearing  to  Shear,  which  can  be  evaluated  both  statistically 
(from  the  ♦“-equency  curve  for  small  sections)  and  from  the  ratio  of 
the  tear  to  the  shear  areas  were  of  the  crystalline  to  the  fibrous  re¬ 
gions  (see  Fractography ) .  Other  differences  among  the  types  of  frac¬ 
ture  reduce  to  the  proportions  of  fatigue  and  instantaneous  fracture, 
of  fatigue  and  prolonged  static  fracture,  of  mechanical  and  corrosive 
factors,  etc. 

Ya.B.  Fridman 
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ULTIMATE  DURABILITY  -  a  characteristic  of  the  durability  of  a  ma¬ 
terial  with  a  horizontal  segment  In  Its  Fatigue  curve.  In  tests  with  a 
constant  coefficient  of  cycle  asymmetry  the  ultimate  durability  Is  de¬ 
fined  as  the  greatest  maximum  (with  respect  to  amplitude)  cyclic  stress 
at  which  the  specimen  withstands  fatigue  fracture  for  an  arbitrary  num¬ 
ber  of  cycles.  In  tests  with  a  constant  mean  cyclic  stress  the  ultimate 
durability  is  defined  as  the  greatest  cyclic-stress  amplitude  at  which 
the  specimen  withstands  fatigue  fracture  for  an  arbitrary  number  of 
cycles.  Ultimate  durability  Is  expressed  as  a  nominal  stress  and  is 
designated  as  and  where  u  is  the  coefficient  of  cycle  asymmetry. 

Q.T.  Ivanov 
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ULTIMATE  STRENGTH  -  the  stress  corresponding  to  the  maximum  load 
that  the  specimen  can  withstand  during  testing  to  fracture.  We  can  dis¬ 
tinguish  the  following  types  of  ultimate  strength.  In  accordance  with 
the  type  of  testing:  tensile  (short-term  resistance)  o^,  compressive 
o_b,  warping  bending  abl2gj  tortlcnal  t^,  and  shear  (shear  resist¬ 

ance)  t  .  In  all  types  of  testing  other  than  tensile  testing  the  maxi¬ 
mum  load  equals  the  load  necessary  to  cause  fracture  or  appearance  of 
the  initial  crack.  In  these  cases  the  ultimate  strength  characterizes 
the  fracture  resistance ;  in  tensile  testing  this  Is  true  of  those  struc¬ 
tural  materials  that  do  not  neck.  In  the  majority  of  instances  the 
fracture  of  structural  materials  during  tensile  testing  Is  preceded  by 
necking,  i.e.,  local  plastic  deformation  arising  in  many  materials 
when  the  uniform  reductl  m  area  reaches  5-15%*  In  this  case  the  frac¬ 
ture  load  may  be  considerably  lower  *•  hari  the  maximum  load  corresponding 
to  initiation  of  necking  (see  the  figure  in  the  article  on  Physical 
yield  strength)  and  the  ultimate  strength  characterizes  the  resistance 
to  plastic  deformation.  Engineering  generally  utilizes  arbitrary  ulti¬ 
mate  strengths,  which  are  determined  without  taking  into  account  the 
actual  cross-sectiaial  stress  distribution  and  the  change  in  specimen 
size  during  deformation;  the  term  "arbitrary"  is  usually  omitted.  The 
arbitrary  ultimate  strength  is  designated  by  the  symbol  or  t^, 
sometimes  with  an  additional  subscript  Indicating  the  type  of  test. 

The  tensile  (c^),  compressive  (o_b)  and  single-shear  (t  )  ulti¬ 
mate  strength  are  calculated  by  dividing  the  maximum  load  (in  kg)  by 

O  P 

the  initial  cross-sectional  area  of  the  specimen  FQ  (in  mm  or  cm  ); 
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in  double  shear  the  maximum  load  Is  divided  by  twice  the  cross-section¬ 
al  area  of  the  specimen  (see  Shear  testing).  It  is  possible  to  determine 
a  ^  only  when  the  specimen  fractures  under  a  gradually  Increasing  load. 
Highly  plastic  materials  (copper,  aluminum,  etc.)  generally  do  not 
fracture  and  a  b  is  replaced  by  the  stress  at  which  cracking  occurs  on 
the  lateral  surface  of  the  test  specimen.  For  the  majority  of  structur¬ 
al  alloys  the  arbitrary  compresive  ultimate  strength  exceeds  the  ten¬ 
sile  ultimate  strength  by  a  factor  of  1.5-2. 5;  for  brittle  materials 
(tool  steel,  cast  iron,  glass)  a  ^  generally  exceeds  by  a  factor  of 
3-7  (Table).  In  nonuniform  composite  materials,  such  as  Glass  textollte, 
the  ultimate  compressive  strength  may  be  considerably  lower  than  the 
ultimate  tensile  strength  in  the  sheet  plane;  this  is  due  to  the  loss 
of  stability  on  the  part  of  individual  elements  of  the  complex  mater¬ 
ial  during  compressive  testing.  The  ultimate  shear  strength  of  metals 
and  alloys  usually  amounts  to  0.6-0-75  of  their  ultimate  tensile 
strength,  provided  that  they  exhibit  viscous  fracture  (see  Viscous 
strength);  in  brittle  materials  (e.g. ,  cast  iron)  Tgr  may  exceed  the 
ultimate  tensile  strength  (see  Table).  During  torsion  and  bending  the 
stresses  are  distributed  nonuniformly  over  the  cross  section  of  the 
specimen  and  the  ultimate  strength  characterizes  the  stress  on  the 
marginal,  most  heavily  loaded  fibers  at  the  Instant  of  fracture.  The 
arbitrary  ultimate  bending  and  torsional  strengths  are  calculated  on 
the  basis  of  an  assumed  linear  (elastic)  stress  distribution  over  the 
specimen  cross  section,  using  the  formulas  for  the  resistance  of  ma¬ 
terials  : 

B  vb=MKplW, 

where  Mlzg  and  are  the  bending  and  torsional  moments  required  for 

fracture  in  kg-cm  or  kg -mm  and  W  is  the  moment  of  cross-sectional  re- 
3  3 

sistance  in  cm  or  mnr,  depending  on  the  cross-sectional  size  and  shape 
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of  the  specimen.  In  evaluating  the  characteristics  of  structural  mater¬ 
ials  rectangular  specimens  are  most  often  used  for  bending  tests  and 
round  specimens  for  torsional  tests.  The  ultimate  bending  and  torsion¬ 
al  strengths  are  calculated  from  the  formulas: 


where  d  is  the  diameter,  b  the  width,  and  h  the  height  of  the  specimen 
in  mm  or  cm. 

Ultimate  Tensile,  Compressive,  lending.  Shear,  and 
Torsional  Strengths  of  Certain  Structural  Materials 
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l'  Material;  2)  state  of  materia?;  3)  ultimate  strength  (kg/rnm  )  on; 

4)  extension  (o.);  5)  compression  (o  b);  6)  shear  (t«p);  7)  torsion 
(Tfe);  8)  bending  (%lzg)i  9)  aluminum  alleys:  Dl;  10}  Dl6;  11)  magne¬ 
sium  alloys:  MA5;  12)  VM65-1;  13)  ML?;  14)  ML5j  13)  BrAZhN10-4-4 
bronze;  16)  U7  carbon  steel;  17;  MN40-10  magnesium  cast  iron;  18)  ChMl,8 
antlfi-ictior  cast  iron;  19)  ChYa  hlgh-hot-strength  cast  iron;  20)  PCh 
piston-ring  cast  iron;  21)  type  V  steklovoloknit;  22)  voloknit;  23) 
glass  textolites;  24)  VPP-1;  25)  VPTS;  i.6)  organic  glass:  SOL:  27)  ST-1; 
28)  Sitall;  29)  quenched  and  naturally  aged;  30)  quenched;  31)  quen¬ 
ched  and  artificially  aged;  3 2 )  cast;  33;  cast  in  chill  wolds;  34) 
quenched  and  tempered  at  200  ;  35)  annealed;  36)  aged. 
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Bending  tests  are  especially  Important  In  determining  the  ultimate 
strength  of  low -plasticity  or  brittle  materials,  since  reliable  deter¬ 
mination  of  this  quantity  by  tensile  testing  Is  hampered  by  the  fact 
that  the  load  may  be  eccentrically  applied  (this  can  be  eliminated  by 
use  of  special  complex  axial  alignment  devices).  The  ultimate  bending 
strength  of  cast  Iron  and  glass  Is  generally  2-5  times  greater  than 
their  ultimate  tensile  strength  (see  Table),  both  because  of  uncompen¬ 
sated  eccentricity  and  as  a  result  of  the  appearance  of  a  sort  of 
scale  effect:  when  specimens  of  the  same  size  are  used  those  subjected 
to  bending  are  loaded  over  a  comparatively  small  cross-sectional  area 
lying  ne*r  the  loaded  layers,  while  the  entire  cross  section  Is  loaded 
during  extension.  The  ultimate  bending  strength  of  nonuniform  composite 
materials  Is  often  lower  than  their  ultimate  tensile  strength;  this 
results  from  disruption  of  the  adhesion  between  the  binder  and  the 
filler.  Smooth  specimens  of  plastic  structural  materials  do  not  as  a 
rule  fracture  during  bending  tests  and  their  ultimate  bending  strength 
consequently  cannot  be  determined.  During  warping  the  stresses  are 
distributed  nonunlformly  over  the  aperture  and  the  ultimate  warping 
strength  (obsnJ)  Is  calculated  by  dividing  the  fracture  load  by  the  pro¬ 
jected  warping  area  (see  Warping  tests).  The  ultimate  warping  strength 
is  infrequently  determined;  according  to  the  available  data,  it  exceeds 
the  ultimate  tensile  strength  by  a  factor  of  1.6-1. 7  for  aluminum  and 
titanium  alloys  and  by  a  factor  of  1.4-1. 5  for  magnesium  alloys. 

True  ultimate  strengths  are  often  employed  in  studying  the  general 
mechanisms  of  formation  and  Investigating  the  relat ionship  between 
strength  Indices  on  extension  and  under  other  types  of  stress  (see 
True  stress).  The  true  ultimate  tensile  strength  Pfe  characterizes  the 
ratio  of  the  maximum  l*»ad  to  the  actual  cross -seotlonal  area  of  the 
specimen  at  the  Instant  that  P  ^8  Is  reached;  It  is  calculated 
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from  the  formula  =  0^/(1  ~  ^b),  where  is  the  uniform  transverse 
reduction  In  specimen  area.  In  medium-strength  structural  steels  and 
aluminum  and  magnesium  alloys  Is  generally  8-12$  higher  than  o^; 

In  high-strength  steels  the  former  Is  2-4#  greater,  while  in  plastic 
brasses  and  certain  types  of  stainless  steel  it  is  20-30#  higher.  The 
true  ultimate  compressive  strength  S_b  is  determined  by  dividing  the 
fracture  load  by  the  cross-sectional  area  of  the  specimen  at  the  in¬ 
stant  of  fracture.  S_b  is  always  less  than  the  magnitude  of  this 

difference  increasing  with  the  plasticity  of  the  material.  The  true 
ultimate  bending  strength  of  a  rectangular  specimen  of  width  b  and 
height  h  and  the  ultimate  torsional  strength  of  a  round  rod  of  radius 
r  are  calculated  from  the  formulas 


and 


where  v  is  the  angle  of  Inclination  of  the  tangent  to  the  specimen 
axis  in  the  boundary  section  (v  =  6£/h,  where  £  is  the  computed  length 
and  6  is  the  elongation  of  an  extended  fiber  at  fracture)  and  6  is  the 
twist  angle  (in  radians)  per  unit  specimen  length  at  fracture. 

S.I.  Kishkin-Ratner 
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ULTRAHARD  BRONZE  -  bronze  which  has  been  pressure-worked  to  a 
high  degree  of  deformation.  Ultrahard  bronzes  in  this  condition  have  a 
high  elastic  limit,  ultimate  strength,  and  hardness  coupled  with  low 
plasticity  (6  ■  1-2$).  Ultrahard  bands  and  strips  are  produced  from 
BrKMts3-l  3 11 icon-manganese  bronze,  BrOF6.5-0.15  tin-phosphorus  bronze, 
and  BrOTs4-3  tin-zinc  bronze,  while  bars  with  a  hardness  of  180-230 
kg/mm2  are  fabricated  from  Br0F7-0. 2  bronze.  Ultrahard  bronzes  are  used 
for  flat  and  helical  springs,  the  grids  of  calibration  screws,  balance 
beams,  and  supports. 

O.Ye.  Kestner 
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UMRA-FIGH-STRENGTH  STEEL  -  steel  with  an  ultimate  strength  of 

p 

240-300  kg/nm  or  more.  Its  relative  elongation,  relative  reduction  in 
area,  and  impact  strength  have  values  characteristic  of  high-strength 

O 

structural  steel  with  an  ultimate  strength  of  160-220  kg/mm  .  The  high 
strength  of  this  steel  is  achieved  by  methods  which  conjoin  exposure 
to  mechanical  and  thermal  factors.  These  methods  include:  1)  cold 

p 

working  during  the  drawing  of  steel  wire,  whose  may  reach  450  kg/mm 
as  a  result  of  mechanical  hardening  at  high  degrees  of  plastic  deforma¬ 
tion  (95#  or  more)  and  special  heat  treatment.  2)  Thermal-mechanical 
processing  of  strips,  sheets,  rolled  shapes,  stampings,  forgings,  and 
other  semifinished  products  and  components,  which  can  be  given  their 
basic  size  and  shape  by  pressure  working  at  a  sufficiently  high  (50# 
or  more)  degree  of  deformation.  In  this  case  ab  may  reach  280-320  kg/ 
/nun  . 


Pig.  1.  Diagram  of  thermal-mechanical  treatment  of  steel  (ausforming). 
1)  Temperature,  *C;  2)  time  in  minutes;  3)  austenitization  temperature; 
4)  beginning  of  transformation  with  deformation;  5)  beginning  of  trans¬ 
formation  without  deformation;  6)  deformation  zone;  7)  tempering  tem- 
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perature,  eC. 

Thermal-mechanical  processing  of  ultra-high-strength  steel  com¬ 
bines  quenching  and  pressure  working,  which  makes  it  possible  to  raise 
the  strength  and  plasticity  of  the  martensite  formed  by  quenching.  The 
fact  that  it  is  possible  to  obtain  steel  in  which  high  viscosity  is 
conjoined  with  high  strength  and  hardness  by  a  combination  of  heat 
treatment  and  pressure  working  was  known  long  ago  to  armorers,  who 
employed  quenching  as  the  final  operation  in  forging.  Scientific  atten¬ 
tion  was  first  called  to  this  practical  procedure  by  the  noted  Russian 
metallurgist  P.  P.  Anosov,  who  developed  a  quite  advanced  technique  for 
the  production  of  Damascus  steel  during  the  middle  of  the  19th  century. 
At  present,  thermal-mechanical  processing  essentially  consists  in  cold 
working  of  austenite  at  a  temperature  below  its  recrystallization 
point  and  subsequent  transformation  to  martensite.  Cold  working  can  al¬ 
so  be  conducted  at  a  temperature  above  the  recrystallization  point  of 
austenite,  but  the  deformation  time  must  be  limited, 

Thermal -mechanical  processing  of  ultra-high-strength  steel  is  car¬ 
ried  out  In  the  following  manner.  A  blark  fabricated  from  steel  whose 
alloying  permits  execution  of  the  scheme  shown  In  Pig.  1  is  heated  to  a 
temperature  100-200°  above  the  critical  point  Ac^  to  permit  formation 
of  a  homogeneous  y-solld  solution  (austenitization  stage).  It  Is  then 
cooled  to  a  temperature  below  the  recrystallization  point  of  austenite 
(500°),  at  which  deformation  (rolling,  stamping,  pressing,  etc.)  is 
carried  out.  The  minimum  degree  of  deformation  (reduction  in  area)  re¬ 
quired  to  produce  noticeable  hardening  of  the  steel  depends  on  its  car¬ 
bon  content,  amounting  to  50$  for  0.4$  C;  optimum  hardening  is  observed 
at  deformations  of  90$  or  more.  In  order  to  keep  its  temperature  from 
dropping  to  the  level  at  which  loss  of  austenite  stability  begins,  the 
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blank  being  deformed  cannot  be  cooled  by  the  tool  (roller,  punch,  etc.). 
For  this  purpose  the  blank  is  placed  in  a  container  of  high-plasticity 
steel  or  machined  with  a  heated  tool.  It  is  also  necessary  to  take  into 
account  the  fact  that  the  stability  of  the  austenite  depends  on  the  de¬ 
gree  of  deformation,  decreasing  as  the  latter  Increases  (as  shown  by 
the  dash  lines  in  Fig,  i).  After  deformation  the  blank  is  subjected  to 
final  cooling  in  air  or  in  water,  depending  on  the  alloying  of  the  steel. 

1 

O 
o 

Fig.  2.  Influence  of  carbon  content  on  the  mechanical  characteristics  of 
"type  VL-1  steel  after  thermal-rnechanical  processing  (Si  *  1  #,  Mn  «  1.2#, 
Cr  *  1.75#*  Hi  a  2.2 3#,  W  -  1$,  and  Mo  =  0,45#).  l)  kg/mm?;  ?)  carbon 
content,  #, 


Fig.  3*  Influence  of  degree  of  deformation  on  the  mechanical  character¬ 
istics  of  steels  with  different  carbon  contents.  Tempering  at  100°.  1) 

kg/mm*\:  2)  deformation  (reduction  in  area),  #. 

The  strength  of  ultra-high-str'ength  steel  Is  governed  by:  1)  its 
carbon  content  -  as  this  factor  Increases  the  strength  of  the  steel  ris¬ 
es  at  first,  reaches  a  maximum,  and  then  decreases  (Fig.  2);  2)  its  de¬ 
gree  of  defoliation  —  as  this  factor  increases  the  strength  of  the  steel 
rises  (Fig.  3);  3)  the  austenitization  temperature  -  as  this  factor  in¬ 
creases  the  strength  of  the  steel  rises,  the  increase  in  strength  halt¬ 
ing  at  the  temperature  of  intensive  grain  growth  and  the  strength  cf  the 
steel  beginning  to  decrease;  4)  the  deformation  temperature  -  the  in- 
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Fig.  4.  Influence  of  tempering  temperature  (holding  time  —  1  hr)  on  the 
mechanical  characteristics  of  steel  (0.40#  C,  4.75#  Ni,  1.45#  Cr,  and 
1.55#  Si):  l)  Degree  of  deformation  on  75#  extension;  2)  degree  of  de¬ 
formation  on  25#  extension;  3)  without  deformation,  a)  kg/mm*;  b)  tem¬ 
pering  temperature,  °C. 

crease  in  this  factor  as  the  austenite  recrystallizes  causes  a  drop  in 
the  strength  of  the  steel;  5)  the  tempering  temperature  —  as  this  fac¬ 
tor  increases  the  strength  of  ultra-high-strength  steel  decreases  more 
sharply  than  is  the  case  for  ordinary  high-strength  steel  (Fig.  4);  6) 
the  metallurgical  quality  of  the  metal  -  purification  with  respect  to 
sulfur,  phosphorous,  and  nonmetal lie  Inclusions,  vacuum  smelting,  and 
elimination  of  crystallization  and  liquation  defects  in  the  ingot  by 
use  of  crystallizers  during  electric-slag  and  electric-arc  remelting 
increase  the  strength  and  plasticity  of  the  steel  more  markedly  at  low 
tempering  temperatures  and  especially  when  tempering  is  not  employed. 

It  should  be  noted  that  a  slight  additional  Increase  in  the  strength  of 
ultra-high-strength  steel  can  be  obtained  by  application  of  a  strong 
magnetic  field  during  the  martensitic  transformation. 

The  strength  of  steels  which  retain  austenitic  stability  on  cool¬ 
ing  to  20°,  In  which  the  austenite  decomposes  on  plastic  deformation, 
and  which  are  subject  to  further  age  hardening  (steels  bounding  the 
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transition  class)  can  be  Increased  by  mechanical  cold  working  to  high 
degrees  of  deformation  (up  to  90#)  and  subsequent  aging.  True  ultra- 
high-strength  steels  can  also  be  obtained  by  plastic  deformation  of 
austaiitlc  and  transition  steels  at  low  temperatures  (-70°  or  less). 

The  fact  that  all  these  technological  procedures  require  plastic  defor¬ 
mation  to  an  extent  that  greatly  alters  the  size  and  shape  of  the  com¬ 
ponent,  the  virtual  impossibility  of  conducting  operations  such  as 
forming,  bending,  etc.,  after  hardening,  and  the  fact  that  welding  is 
made  extremely  difficult  by  the  substantial  softening  (by  a  factor  of 
more  than  2)  of  the  welded  Joint  greatly  restrict  the  use  of  ultra-high- 
strength  steel  as  a  structural  material.  Wide  utilization  of  ultra-high- 
strength  steel  is  also  hampered  by  its  sensitivity  to  stress  concentra¬ 
tions,  which  greatly  reduce  its  structural  strength  and  the  difficul¬ 
ties  presented  by  machining,  which  can  be  conducted  only  by  special 
methods  (e.g. ,  electric-erosion  and  electric-discharge  polishing);  the 
latter  method  requires  that  great  care  be  taken  to  avoid  burning.  Fig¬ 
ure  5  shows  the  brittle  strength  of  VL1  steel  after  quenchlr-  ^.io  thei>> 
mal-mechanlcal  processing.  Essentially,  this  steel  can  be  used  only  for 
the  fabrication  of  components  that  are  given  their  final  shape  and 
quality  by  stamping  or  rolling  to  considerable  degrees  of  deformat  lor 
(30-90}{)  and  which  require  minimal  machining.  It  mu3t  be  taicen  into 
account  that  steels  whose  austenitic  stability  corresponds  to  that 
shown  in  Fig.  1  can  be  given  the  strength  of  ul„ra-high-strength  steel 
only  in  light  components,  since  it  Is  difficult  to  provide  the  cooling 
rate  necessary  for  retention  of  stable  austenite  when  dealing  with  a 
large  mass  of  metal.  Ultra-high-strength  steel  is  most  easily  produced 
in  the  fonr.  of  strips,  rolled  plates,  and  small  tubing  and  stampings. 

Thermal-mechanical  processing  13  somewhat  more  widely  employed 
with  sr.  Inverted  hardening  scheme,  mechanical  hardening  following  rather 
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Pig.  5*  Brittle  strength  of  type  VL1  steel  (C  ■  0  .  635*)  after  ordinary 
and  stepwise  quenching  and  thermal-mechanical  processing.  1)  kg/ton2;  2) 
deformation  and  quenching  temperature,  °C;  3)  thermal-mechanical  pro¬ 
cessing  (50J*  deformation ) ;  4)  ordinary  quenching;  3)  stepwise  quenching. 

than  preceding  heat  treatment  and  the  decomposition  products  of  the 
solid  solution  (martensite  or  balnite)  being  subjected  to  deformation. 

In  this  case  the  degree  of  deformation  required  to  achieve  high 
strength  can  be  substantially  reduced  (to  10-255*);  when  this  scheme  is 
used  in  conjunction  with  aging  the  degree  of  deformation  can  be  reduced 
to  55*  °r  less. 

The  inverted  scheme  makes  It  possible  to  obtain  a  *  240-280  kg/ 
Atm  ,  a  lower  sensitivity  to  stress  concentrators,  and  a  higher  labil¬ 
ity  than  the  direct  method  (e.g.,  austenitic  +  martensitic  transforma- 

1 1 on ) . 
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ULTRASONIC  FLAW  DETECTION  -  flaw  detection,  which  combines  nonde¬ 
structive  testing  methods  based  on  the  use  of  elastic  vibrations  In  the 
ultrasonic  (above  20  kcps)  and  sonic  frequency  range.  Ultrasonic  flaw 
detection  methods  which  use  primary  sonic  frequencies  are  usually 
called  acoustic  methods  (see  Acoustic  Flaw  Detection).  Ultrasonic  flaw 
detection  is  used  for  detecting  internal  and  surface  flaws  In  shaped 
semifinished  products,  castings  and  finished  products  with  simple  con¬ 
figurations,  which  are  made  from  metallic  and  nonmetallic  materials.  It 
Is  also  used  for  thickness  measurements  when  the  product  is  accessible 
from  one  side.  Ultrasonic  flaw  detection  methods  are  based  on  the  ef¬ 
fect  the  flaw  has  on  the  conditions  of  propagation  and  reflection  of  e- 
lastic  waves  or  on  the  vibrational  regime  of  the  product.  Elastic  waves 
are  capable  to  propagate  in  materials  over  large  distances.  Longitudi¬ 
nal,  transverse  (shear),  surface,  normal  (free.  Lamb),  rod  and  other 
waves  can  exist  in  a  solid  body.  Only  longitudinal  waves  can  be  propa¬ 
gated  in  liquids  and  gases. 

The  rate  of  propagation  of  elastic  waves  depends  on  their  type  and 
on  the  properties  of  the  medium  material  (elastic  constants  and  densi¬ 
ty).  The  velocity  ct  of  transverse  waves  for  the  majority  of  materials 
comprises  0.325-0.68  of  the  velocity  c j  of  longitudinal  waves  in  an  un¬ 
bounded  medium;  the  velocity  of  surface  waves  is  about  0.  9  of  the  vel¬ 
ocity  of  transverse  waves.  The  propagation  rates  of  normal  and  rod 
waves  depend  on  the  frequency,  product  thickness  and  the  vibrational 
mode.  Incidence  at  the  Interface  of  two  media  results  in  reflection, 
refraction  and  wave  transformation.  For  example,  when  the  longitudinal 
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wave  L  (Pig.  l)  is  incident  on  the  interface  of  two  solid  media,  the 
longitudinal  wave  L’  and  the  transverse  wave  T‘  which  was  produced  by 
transformation  is  reflected  into  the  first  medium.  The  longitudinal  L" 
and  transverse  T"  waves  are  propagated  through  the  second  medium.  The 
angles  of  reflection  and  refraction  are  defined  by  the  relationship: 

tin  o^rtn  g^ln  a*M»m  fi’ 


where  cf  and  cf  are  the  rates  of  propagation  of  the  longitudinal 

J 1  J2 

waves  in  media  I  and  II,  respectively;  c.  and  c,  are  the  rates  of 

h  hi 

propagation  of  transverse  waves  in  media  I  and  II. 


i 
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Pig.  1.  Reflection  and  refraction  of  elastic  waves  at  the  interface  be¬ 
tween  two  media,  l)  Medium  I;  2)  medium  II. 


Selecting  an  angle  of  incidence  a  of  the  longitudinal  wave  and  us¬ 
ing  the  complete  Internal  reflection  phenomenon,  it  is  possible  to  ob¬ 
tain  only  a  transverse  or  only  a  surface  wave  in  medium  II,  which  is 
practically  used  in  ultrasonic  flaw  detection  to  excite  these  waves  in 
an  article.  A  measure  of  the  reflection  at  the  interface  between  two 
media  is  the  reflection  factor  R,  which  is  defined  as  the  ratio  of  the 
intensity  of  the  reflected  to  the  intensity  of  the  incident  wave.  In 
the  case  of  normal  incidence  at  the  interface  between  two  media,  which 
are  sufficiently  extended  in  the  direction  of  wave  propagation,  R  - 
«  (Wj  -  *  Wjj)2#  "here  Wj  and  Vjj  are  the  specific  wave  re¬ 

sistances  of  media  I  and  II.  (W,  the  spt  lflc  wave  resistance,  is  de¬ 
fined  as  the  product  of  the  density  p  of  a  medium  and  the  rate  of  prop- 
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agation  c  of  an  elastic  wave  of  a  given  type  in  it. }  Table  1  presents 
the  values  of  specific  wave  resistances  and  rates  of  propagation  of 
longitudinal  and  transverse  waves  for  certain  materials. 


TABLE  1 

Rates  of  Propagation  of  E- 
lastic  Waves  and  Specific 
Wave  Resistance  of  Certain 
Materials 
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l)  Material  2)  rate  of  Dropagation  of  longitudinal  elastic  waves  in  a 
boundless  medium  (m/sec);  3)  rate  of  propagation  of  elastic  transverse 
waves  (m/sec);  4)  specific  wave  resistance  for  longitudinal  waves  (g/ 

/cm  -sec);  5)  specific  wave  resistance  of  transverse  waves  (g/cm  -sec); 
6)  aluminum;  7)  iron;  8)  brass;  9)  organic  glass;  10)  water;  ll)  trans¬ 
former  oil;  32)  air. 


Upon  incidence  of  an  ultrasonic  (UZ)  wave  on  a  plane  interface, 
the  dimensions  of  which  are  substantially  larger  than  the  wavelength, 
a  i.JLrror  reflection  takes  place;  here  the  angle  of  incidence  is  equal 
to  the  angle  of  reflection.  Obstacles  with  a  rough  surface  give  dif¬ 
fracted  reflection. 

The  propagation  of  elastic  vibrations  in  materials  is  accompanied 
by  irreversible  energy  losses,  a  measure  of  which  is  the  damping  coef¬ 
ficient  6,  which  is  defined  as  6  -  --j  ~  In  jO,  where  AQ  and  A  are  the 
vibrational  amplitudes  in  cross  sections  with  coordinates  xQ  and  x,  re¬ 
spectively  (it  is  assumed  that  reference  is  had  to  a  plane  wave).  The 
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clamping  eoeificient  ,  usually  expressed  in  terms  of  nepers  per  centi¬ 
meter  (np/cm),  depends  highly  on  the  material's  properties  and  on  the 
frequency  of  elastic  vibrations.  For  the  majority  of  liquids  the  coef¬ 
ficient  6  is  proportional  to  the  square  of  the  frequency,  for  solid 
bodies  the  increase  in  b  with  an  increase  in  the  frequency  is  governed 
by  a  more  complex  law.  The  lowest  losses  for  materials  used  in  machine 
building  are  characteristic  of  homogeneous  metals  and  alloys  with  a 
finely -grained  structure  (pressureworked  semifinished  products  from 
light  alloys,  highly  deformed  steels,  etc.  ).  High  values  of  6  are  char¬ 
acteristic  of  weakly  deformed  forgings,  products  from  complex  hetero¬ 
geneous  alloys.  Ingots  from  light  and  heat-resistant  alloys,  cast  iron 
and  multiphase  materials  and  materials  with  a  coarsely -grained  struc¬ 
ture.  The  greatest  losses  are  characteristic  of  nonmetallic  materials, 
i.e.,  rubber,  plastics,  laminated  plastics,  etc.  As  6  increases,  the 
distance  over  which  the  elastic  waves  propagate  is  reduced.  Hence  when 
inspecting  materials  with  high  losses  use  is  made  of  lower  frequencies. 
If  the  length  of  the  elastic  wave  is  eommesurable  with  the  dimensions 
of  the  metal's  grains,  then  a  perceptible  energy  energy  reflection 
takes  place  at  the  boundaries  of  these  grains.  As  a  result,  interfer¬ 
ences  arise  which  make  inspection  difficult  and  which  usually  must  be 
eliminated  also  by  reducing  the  vibration,  frequencies.  In  principle, 
the  sensitivity  of  ultrasonic  flaw  detection  methods  is  limited  by  the 
diffraction  of  the  elastic  waves.  Nonhomogeneities  in  materials  which 
extend  over  less  than  half  of  a  wavelength  are  usually  not  detected.  As 
the  frequency  is  reduced,  the  size  of  the  flaws  which  are  detected  is 
increased. 

Ultrasonic  waves  are  usually  radiated  and  received  by  piezoelec¬ 
tric  (quartz,  barium  titanate,  lithium  sulfate,  etc. },  transducers.  The 
transducers  are  mounted  in  search  heads  which  serve  for  seeking  the 
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flaw  In  the  product  being  Inspected.  Separate  and  combined  type  search 
heads  are  used  in  ultrasonic  flaw  detectors.  In  separate  heads  the 
functions  of  the  emitter  and  receiver  are  performed  by  different  piezo¬ 
elements,  while  in  combined  heads  both  functions  are  performed  by  the 
same  element.  The  emission  and  reception  of  ultrasonic  waves  is  direc¬ 
ted  and  the  directionality  is  the  more  high,  the  greater  the  ratio  of 
the  transducer  diameter  to  the  wavelength.  For  the  majority  of  heads 
used  the  angles  within  the  limits  of  which  the  emission  and  reception 
of  elastic  vibrations  takes  place  are  from  5  to  60°.  Elastic  waves  are 
transmitted  from  the  search  head  to  the  article  being  inspected  and 
back  by  the  contact,  immersion  or  contactless  methods.  In  tne  first 
case  the  ultrasonic  waves  pass  through  a  layer  of  fluid  (couplant) 
with  a  thickness  smaller  than  the  ultrasonic  wavelength.  The  couplant 
(oil,  water,  etc. )  is  applied  to  the  product  surface  before  inspection. 
In  acoustic  flaw  detection  methods,  which  use  primarily  sonic  frequen¬ 
cies,  use  is  made  of  the  dry  contact  between  the  product  and  the  head. 
In  the  immersion  method  the  acoustic  contact  is  created  by  using  a 
thick  layer  of  fluid,  for  which  purpose  the  inspected  product  is  im¬ 
mersed  in  a  bath,  or  special  heads  with  a  fluid -filled  gap  are  used.  In 
the  contactless  method  the  ultrasonic  vibrations  are  emitted  and  re¬ 
ceived  through  an  air  layer. 

The  utilization  of  a  large  number  of  wave  types  in  a  wide  frequen¬ 
cy  range  with  pulsating  or  continuous  emission,  of  various  methods  for 
Introducing  the  vibrations  and  the  use  of  several  physical  principles, 
makes  ultrasonic  flaw  detection  one  of  the  most  universal  methods  of 
nondestructive  testing. 

A  distinction  is  made  between  five  principal  methods  of  ultrasonic 
flaw  detection:  reflection  method,  shae  (or  through -sounding  method), 

resonance.  Impedance  methods  and  the  method  of  free  vibrations.  The 
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last  two  methods  belong  to  acoustic  flaw  detection.  Table  2  presents 
certain  data  which  show  the  variety  of  variable  parameters  which  are 
used  In  different  supersonic  flaw  detection  methods. 

The  ultrasonic  reflection  method  Is  based  on  the  sending  Into  the 
product  being  Inspected  of  elastic  vibrations  in  short  pulses  and  on 
the  receiving  of  the  reflected  signals.  It  is  one  of  the  more  universal 
flaw  detection  methods.  It  Is  used  extensively  for  detecting  internal 
and  surface  flaws  in  metal  semifinished  products  and  in  products  with  a 
simple  shape  (from  thin  sneets  and  wire  to  forgings  with  large  overall 


Pig.  2.  Block  diagram  of  an  ultrasonic  reflection  flaw  detec¬ 
tor.  A)  Nj  B)  Df;  C)  D. 

dimensions),  and  less  frequently  for  flaw  detection  of  products  from 
nometals  (for  example,  porcelain,  insulators,  etc.  ).  All  the  aforemen¬ 
tioned  types  of  elastic  waves  are  used.  It  Is  used  in  the  contact,  im¬ 
mersion  and  contactless  versions. 

The  ultrasonic  contact  reflection  flaw  detector  (Pig.  2)  operates 
as  follows:  electric  pulses  generator  1  excites  the  piezoelectric  indu¬ 
cer  of  the  search  head  2,  which  radiates  pulses  of  elastic  vibrations 
into  the  product  being  inspected.  The  elastic  pulse  is  propagated 
through  the  product  in  the  form  of  a  directed  beam,  reaches  the  oppo¬ 
site  face  (bottom),  is  reflected  from  It  and  returns  tc  search  head. 

The  piezoelectric  element  of  head  2  transforms  a  part  of  the  received 
ultrasonic  energy  and  the  electric  voltage  pulse.  The  latter  is  ampli¬ 
fied  by  receiver  3  &no  is  fed  to  the  plates  of  the  cathode  ray  tube  6, 
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•See  Acoustic  Flaw  Detection. 

1)  Method;  2)  parameters  being  measured;  3)  kind  of  elastic  vibrations 
being  used;  4)  radiation;  5)  method  by  which  the  vibrations  are  Intro¬ 
duced;  6)  range  of  frequencies  used;  7)  reflection  method;  8)  time  of 
arrival,  amplitude  and  phase  of  the  reflected  signals;  9)  loi^itudlnal, 
transverse,  surface,  normal,  red;  10)  pulsating;  11)  contact  with  coup- 
lant,  immersion.  Jet  contactless;  12)  magaeps;  13)  shade;  14)  standard 
version;  15)  change  In  the  field  intensity  after  passing  of  ultrasonic 
waves  through  the  product;  16)  longitudinal,  normal;  17)  continuous, 
pulsating;  18)  immersion,  contact  method  with  couplant;  19)  kllocps; 

20)  mirror  version;  21)  change  In  the  field  intensity  after  double 
passing  of  ultrasonic  waves  through  the  product;  22)  same  as  above;  23) 
resonance:  24)  resonance  frequencies  of  the  product,  sharpness  of  reso¬ 
nance;  25)  longitudinal;  26)  continuous;  27)  -ontact  with  couplant.  Im¬ 
mersion;  28)  impedance*;  29)  mechanical  Impedance  (total  mechanical  re¬ 
sistance);  30)  deflected;  31 )  dry  contact;  32)  method  of  free  vibra¬ 
tions*;  33)  change  in  the  spectral  composition,  amplitude  and  damping 
decrement  of  shock -excited  vibrations;  34)  Impulse  (hitcing  the  prod¬ 
uct). 


deflecting  the  beam  along  the  vertical.  Simultaneously  with  the  elec¬ 
tric  pu  *es  generator,  the  timer  4  starts  up  scanner  5»  which  reflects 
the  electron  beat1  in  the  horizontal  direction.  The  entire  cycle  la  re¬ 
peated  periodically  many  times  per  second.  Die  initial  signal  (W)  In 
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the  left  side  of  the  tube’s  screen  corresponds  to  the  instant  when  the 
pulse  is  sent  into  the  product.  The  bottom  reflected  signal  (D)  is 
shifted  relative  to  the  initial  signal  (N)  through  the  tlmo  needed  for 
the  passing  of  the  elastic  waves  to  the  bottom  face  and  back.  If  a  flaw 
is  present,  the  signal  reflected  from  it  (Df)  reaches  the  head  earlier 
and  is  visible  on  the  screen  between  the  initial  and  the  bottom  pulse. 
When  the  immersion  version  of  the  reflection  method  is  used  additional 
reflected  signals,  which  are  due  to  the  reflection  of  ultrasonic  pulses 
from  the  liquid -product  interface  (Pig.  3)  are  observed  on  the  flaw  de¬ 
tector  screen.  The  distance  h  between  the  head  and  the  product  is  se¬ 
lected  in  a  manner  such  that  the  signal  II,  produced  by  the  second  re¬ 
flection  of  the  pulse  in  the  fluid-filled  interval  should  take  place 
after  the  bottom  signal. 


Fig.  3*  Position  of  the  head  and  the  product  and  the  image  on  the  flaw 
detector  screen  when  inspecting  by  the  Immersion  version  of  the  ultra¬ 
sonic  reflection  method.  A)  N;  B)  D;  C)  Df. 

Longitudinal  signals  are  Introduced  normal  or  at  moderate  angles 
tc  toe  product  surface,  transverse,  surface,  normal  and  rod  waves  are 
usually  excited  by  transforming  longitudinal  waves  which  Impinge  at  an 
angle  at  the  head-product  interface  (contact  version)  or  fluid-product 
Interface  (immersion  version).  A  dead  zone  (1C)  la  peculiar  to  the  re¬ 
flection  method.  Die  dead  tone  is  a  section  In  the  product,  flaws  in 
which  cannot  be  detected.  Wien  inspecting  by  longitudinal  ultrasonic 
waves  the  dead  tone  embraces  material  layers  which  adjoin  the  surface 
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at  which  the  ultrasonic  waves  are  Introduced  and  to  the  bottom  surface 
opposite  It.  The  presence  of  the  dead  zone  is  due  to  the  fact  that  the 
signals  reflected  from  flaws  situated  near  the  aforementioned  surfaces 
of  the  product  combine  with  the  Initial  or  bottom  signals.  The  dead 
zone  Is  reduced  In  size  with  a  decrease  in  the  pulse  duration.  When 
separate  heads  are  used,  the  dead  zone  adjoining  the  surface  where 
waves  are  Introduced  Is  due  to  the  directionality  In  sending  and  re¬ 
ceiving  the  ultrasonic  waves.  Transverse,  surface,  normal  and  rod  waves 
are  usually  capable  of  detecting  flaws  in  layers  adjoining  the  surface. 
Products  with  a  complex  shape  have  dead  zones  which  are  produced  by  the 
geometry  of  the  given  products.  As  the  complexity  of  shape  is  in¬ 
creased,  the  volume  of  the  dead  zone  is  usually  Increased. 

The  greatest  sensitivity  of  the  reflection  method  is  achieved  when 
inspecting  products  from  homogeneous  materials  with  fine-grained  struc¬ 
ture.  Inspection  of  coarse-grained  materials  (for  example,  castings)  is 
made  difficult  by  interfering  reflection  from  boundaries  of  individual 
crystallites  and  high  scattering  of  the  ultrasonic  waves.  As  the  fre¬ 
quency  of  ultrasonic  vibrations  is  reduced  (the  wavelength  X  increased), 
the  interference  level  is  reduced  and  conditions  for  wave  propagation 
are  improved  However,  this  also  Increases  the  dimensions  of  the  mini¬ 
mum  flaw  that  can  be  exposed,  which  are  approximately  equal  to  x/2. 

The  contact  version  of  the  reflection  method  is  used  primarily  for 
inspecting  unique  and  serially  produced  semifinished  and  finished  prod¬ 
ucts  (see  Plaw  Detection  in  Forgings  and  Stampings.  Flaw  Detection  in 
Rolled  Plates).  The  method  consists  in  displacing  the  flaw  detector 
head  along  a  previously  lubricated  (usually  with  oil)  product  surface, 
simultaneously  following  the  image  on  the  instrument's  screen  (or  the 
signals  of  an  automatic  flaw  signaling  device).  Aa  the  surface  finish 
is  improved,  the  sensitivity  is  increased,  for  which  reason  surfaces 
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are  frequently  finished  to  ?5-V7  before  ultrasonic  inspect icr».  The  type 
of  elastic  waves  to  be  used  Is  selected  depending  or  the  inspection 
conditions.  Flaws  In  products  more  than  15-20  no  thick  oriented  at  mod¬ 
erate  angles  to  the  wave  Introduction  surface  are  detected  by  longitu¬ 
dinal  ultrasonic  waves.  Combined  type  heads  which  emit  perpendicular  to 
the  ultrasonic  wave  introduction  surface  are  usually  used  for  lnspec  > 
tion.  Here  the  dead  zone  which  adjoins  this  surface  comprises  4-8  mm 
for  frequencies  of  2. 5-5*0  megacps  and  10-15  mm  for  frequencies  of  1.5- 
1.8  megacps.  The  use  of  separate  heads  makes  it  possible  to  reduce  the 
dead  zone  to  1-1.5  nrn.  The  dead  zone  adjoining  the  bottom  surface  for 
products  less  than  200-250  mm  thick  comprises  4-5  mm  for  frequencies  of 
2. 5-5* 0  megacps  and  6-8  mm  for  for  frequencies  of  1.5-1. 8  megacps.  As 
the  product  thickness  increases,  the  dead  zone  becomes  larger;  however, 
this  can  be  prevented  by  using  special  means  (retarding  the  flaw  detec¬ 
tor  scanning,  establishing  the  position  of  the  bottom  signal  by  a  depth 
gage  mark,  etc. ). 

Flaws  in  products  more  than  5-7  ran  thick  oriented  at  an  apprecia¬ 
ble  angle  to  the  surface  of  ultrasonic  wave  introduction  (radial  cracks 
in  disks,  flaws  in  weldded  butt  Joints,  etc.)  are  detected  by  trans¬ 
verse  waves.  Surface  waves  are  used  for  detecting  surface  and  subsur¬ 
face  flaws.  Flaw  detection  of  sheets  and  shells  (particularly  of  think, 
0.1-5  n«n  thick)  Is  performed  by  normal  ultrasonic  waves,  which  are  ex¬ 
cited  by  longitudinal  waves  Impinging  at  angle  to  the  product  boundary. 

General -purpose  ultrasonic  reflection  contact  flaw  detectors  have 
several  operating  frequencies,  from  a  fraction  of  megacpa  to  several 
megacps.  The  higher  frequencies  are  used  for  inspecting  products  and 
materials  with  a  fine-grained  structure,  while  the  lower  frequencies 
are  used  for  coarse-grained  structures.  These  devices  are  frequently 

supplied  with  supplementary  subassemblies;  depth  gage  for  determining 
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the  distance  from  flaws  and  determining  the  thickness  in  case  of  one¬ 
sided  access,  retarding  the  scanning  to  increase  the  resolving  power, 
automatic  flaw  signaling,  etc.  Special  flaw  detectors  are  produced  for 
solving  of  particular  problems  (inspection  of  rails,  turbine  buckets, 
etc. ). 

The  immersion  version  of  the  reflection  method  is  used  for  high- 
productivity  automated  inspection  of  metal  blanks  of  simple  shape 
(rolled  plates,  pressed  shapes,  forgings,  stampings,  etc.)  produced  in 
large  series  or  by  mass  production.  The  sounding -through  results  are 
usually  recorded  by  an  automatic  recording  device.  The  advantage  of  the 
immersion  version  over  the  contact  method  consists  in  the  fact  that  it 
is  possible  to  inspect  products  with  a  rougher  surface,  in  a  more  sta¬ 
ble  acoustic  contact  between  the  head  and  the  product,  in  facilitating 
inspection  of  products  with  curvilinear  (particularly  concave)  surfac¬ 
es,  in  eliminating  wear  of  heads,  in  facilitating  automation  of  the  in¬ 
spection  process,  in  a  higher  productivity  and  in  a  smaller  dead  zone. 

A  disadvantage  of  the  immersion  version  of  the  reflection  method  is  the 
complexity  and  high  cost  of  the  apparatus. 

The  contactless  version  of  the  reflection  method  is  used  for  in¬ 
specting  bar  stock,  vfre  and  ouher  long  products  from  ferromagnetic  ma¬ 
terials.  The  ultrasonic  waves  (usually  rod)  are  excited  and  received  by 
making  use  of  the  magnetostriction  effect  of  the  material  of  the  prod¬ 
uct  proper. 

The  ultrasonic  shade  method  is  based  on  the  attenuation  of  the  in¬ 
tensity  of  ultrasonic  waves  which  pass  through  the  product  by  a  flaw 
located  in  the  path  of  the  ultrasonic  beam.  It  is  used  for  detecting 
flaws  in  metallic  and  nonmetallic  products  with  moderate  and  average 
thickness:  sheets,  plates,  pipes,  bimetallic  liners  of  sliding  bear¬ 
ings,  rubber  tires,  plastic  products,  etc.  (see  Flaw  Detection  in 
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Products,  Flaw  Detection  In  Plastic  Products).  The  ultrasonic  waves  are 
transmitted  by  the  Immersion  or  contact  methods.  The  shade  method  Is 
used  In  the  standard  and  mirror  versions.  In  the  standard  version  (Fig. 


4)  the  radiating  head  1  excited  by  generator  2,  sends  ultrasonic  waves 
into  product  3.  The  receiving  head  4  converts  the  ultrasonic  waves 
which  have  passed  through  the  product  into  electrical  signals,  which 
are  amplified  by  the  amplifier  5.  The  level  of  the  received  signals  is 
evaluated  acco>*ding  to  the  output  indicator  6.  In  the  absence  of  flaws 
the  ultrasonic  waves  pass  freely  through  the  product  being  inspected.  A 


flaw  reflects  a  part  of  the  energy  of  tiw  ultrasonic  beam  and  reduces 


Fig.  4.  Block  diagram  of  an  ultrasonic  shade  flaw  detector. 


the  intensity  of  the  wave  field  at  the  receiving  head  4  which  Is  re¬ 
corded  by  a  reduction  In  the  readings  of  the  output  indicator  6.  The 
usual  version  of  the  sbae  method  requires  two-sided  access  to  the  prod¬ 
uct  being  inspected  and  uses  pulsating  or  continuous  emission. 

In  the  mirror  version  one  of  the  heads  is  replaced  by  a  reflector. 
The  ultrasonic  waves,  which  are  generated  in  short  pulses,  pass  through 
the  product  being  Inspected,  reach  the  reflector,  are  reflected  from  it 
and  return  to  the  search  head.  The  flaw  attenuates  the  intensity  of  the 
reflected  signal  received  from  the  reflector.  Special  reflecting  sur¬ 
faces  as  well  as  elements  of  the  installations  (for  example,  the  Immer¬ 
sion  bath  bottom)  or  surfaces  of  the  product  being  inspected  proper  are 
used  as  reflectors.  For  the  mirror  version  of  the  shade  method  it  is 
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sufficient  to  have  one-sided  access  to  the  product  being  controlled. 

The  standard  version  of  this  method  is  used  more  frequently  than  the 
mirror  method.  The  shade  method  uses  primarily  longitudinal  and  normal 
naves. 

Industrial  ultrasonic  shade  flaw  detectors  are  high-productivity 
mechanized  installations  usually  equipped  with  a  system  for  signaling 
or  recording  the  inspection  results.  To  increase  the  productivity,  sev¬ 
eral  pairs  of  heads  are  frequently  used.  In  inspecting  by  longitudinal 
waves  using  the  standard  version  the  heads  of  one  pair  are  placed  at 
different  sides  of  the  product,  when  using  normal  waves  it  is  possible 
also  to  place  the  heads  to  one  side  of  the  product.  The  moving  of  heads 
relative  to  the  product  being  inspected  is  mechanized  in  the  majority 
of  shade  flaw  detectors. 

Plastic  materials,  rubber  and  other  nonmetallic  materials  are  in¬ 
spected  by  using  lower  frequencies  than  those  used  for  metals.  The  di¬ 
mensions  of  the  flaws  are  evaluated  on  the  basis  of  recordings  (when  an 
automatic  recording  device  is  provided),  relative  change  in  the  signal 
level  and  the  length  of  the  zone  in  which  signal  attenuation  is  ob¬ 
served. 

The  ultrasonic  resonance  method  is  based  or  observing  the  natural 
resonant  vibrations  when  elastic  vibrations  are  excited  in  the  product. 
It  is  used  for  measuring  the  wall  thickness  in  hollow  metallic  and  cer¬ 
tain  nonmetallic  products  (pipes,  tanks,  etc. )  with  one-sided  access, 
and  less  frequently  for  detecting  cleavages,  zones  effect e  by  corro¬ 
sion,  flaws  in  soldered  and  cemented  Joints,  etc.  This  method  uses  lon¬ 
gitudinal  waves  In  the  frequency  range  from  0.5  to  20  megacps.  The  ul¬ 
trasonic  vibrations  are  introduced  into  the  product  by  the  contact 
method.  The  limits  within  which  thicknesses  can  be  measured  in  steels 

and  aluminum  alloys  are  from  tenths  to  several  tens  of  millimeters.  The 
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error  is  1-3#  of  the  thickness  measured.  The  product  goes  into  reso¬ 
nance  when  an  integral  number  of  half  waves  fits  its  thickness  b.  The 
resonant  frequencies  are  determined  from  the  expression  f  »  nc/2b,  wher 
where  n  is  an  integral  and  c  is  the  rate  of  propagation  of  ultrasonic 
waves.  The  lowest  resonant  frequency  f^  (n  -  1)  is  called  the  fundamen¬ 
tal  or  first  harmonic,  while  the  others  are  called  higher  harmonics. 
When  c  «  const  the  first  harmonic  uniquely  determines  the  product 
thickness.  The  difference  between  the  frequency  of  any  two  successive 
harmonics  is  equal  to  the  first  harmonic. 

The  elastic  waves  are  excited  in  the  product  being  Inspected  by  a 
piezoelectric  head,  which  is  fed  by  an  adjustable -frequency  self -con¬ 
trolling  vacuum  tube  oscillator.  When  the  emitted  frequency  coincides 
with  the  natural  frequency  of  th*»  product,  the  vacuum-tube  oscillator 
regime  changes  (the  anode  current  of  the  tube  increases)  which  is  re¬ 
corded  by  the  instrument's  indicator.  The  vacuum-tube  oscillator  fre¬ 
quency  can  be  varied  manually  or  automatically.  Resonance  thickness 
measuring  devices  with  manual  frequency  adjustment  are  more  portable. 
They  are  used  under  field  conditions  and  for  inspecting  objects  the 


Fig.  5.  Block  diagram  of  an  ultrasonic  resonance  thickness  measuring 
device. 

access  to  which  is  difficult.  An  arrow  device  or  receiver  serves  as  the 
Indicator.  Thickness  measuring  devices  with  an  automatic  frequency  ad¬ 
justment,  constructed  according  to  the  block  diagram  of  Fig.  5  are  most 
frequently  used. 

The  piezoelectric  transducer  2,  excited  by  the  vacuum-tube  self- 
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controlling  oscillator  3,  emits  ultrasonic  vibrations  with  a  continu¬ 
ously  varying  frequency  into  product  1  being  inspected.  At  instants 
when  the  emitted  frequencies  coincide  with  the  emitted  frequencies  the 
anode  current  of  the  vacuum-tube  oscillator  changes.  Pulses  which  are 


Fig.  6.  Image  on  the  screen  of  the  V4-8R  resonance  thickness  measur¬ 
ing  device. 

received  are  amplified  by  the  vacuum-tube  amplifier  4  and  are  supplied 
to  vertical  deflection  plates  of  the  electron-beam  tube  3.  The  scanning 
generator  6  la  made  so  that  a  known  frequency  of  emitted  vibrations 
corresponds  to  each  point  on  the  scanning  line.  At  instances  of  reso¬ 
nance  peaks,  situated  at  points  corresponding  to  the  natural  frequen¬ 
cies  of  the  product,  are  observed  on  the  tube's  screen  (Fig.  6).  The 
thickness  is  determined  by  the  position  of  these  peaks.  Resonance 
thickness  measuring  devices  make  use  of  various  systems  for  reckoning 
the  thickness  on  the  basis  of  the  location  of  peaks  on  the  device's 
screen.  Direct  reckoning  systems,  which  are  based  on  the  comparison  of 
the  natural  frequencies  of  the  product  being  inspected  with  the  reso¬ 
nance  frequency  of  standard  calibrated  measuring  device  are  most  con¬ 
venient  and  accurate.  Adjusting  the  measuring  device  the  operator  ob¬ 
tains  a  coincidence  of  one  (or  several)  of  its  frequencies  with  the  re¬ 
sonant  frequencies  of  the  product  being  inspected.  An  equality  of  the 
frequencies  is  noted  by  the  coincidence  of  the  resonance  peaks  of  the 
product  and  the  measuring  device  on  the  instrument's  screen.  The  meas¬ 
urement  is  made  on  a  scale  graduated  In  millimeters. 
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The  ultrasonic  resonance  method  is  the  basic  means  of  checking  the 
thickness  (particularly  less  than  4-5  mm)  of  the  walls  of  extended  hol¬ 
low  products.  It  is  used  for  measuring  the  thickness  of  walls  of  chemi¬ 
cal  apparatus,  power  equipment,  ship  hulls  and  bulkheads,  etc.  Measure¬ 
ments  can  be  performed  directly  in  the  process  of  machining  the  prod¬ 
ucts. 

Inspection  by  the  resonance  method  is  possible  provided  that  the 
product  thickness  in  the  zone  of  contact  with  the  head  is  constant  or 
changes  smoothly.  A  sharp  change  in  thickness  (slope  of  more  than  1:50) 
and  also  unevenness  in  the  internal  surface  (for  eitample,  due  to  corro¬ 
sion  effects)  make  measurement  difficult. 

Cleavages  are  detected  by  a  sharp  reduction  in  the  number  of  reso¬ 
nance  peaks  on  the  instrument's  screen.  Flaws  which  sire  oriented  at 
substantial  angles  to  the  product  surface  cause  the  resonance  peaks  to 
vanish.  By  its  sensitivity  to  flaws  the  resonance  method  is  inferior  to 
other  ultrasonic  methods  (the  shade  and  reflection  methods). 

References:  Defektoskopiya  metallov  [Flaw  Detection  in  Metals]. 
Collection  of  articles  edited  by  D.S.  Shrayber,  Moscow,  1959;  Nonde¬ 
structive  Testing  Handbook,  Vol.  2,  New  York,  1959;  Krautkrtoer,  J.  and 
KrautkrUmer,  H. ,  Werkstoffprllfung  mit  Ultraschall,  Berlin,  1961. 

Yu.V.  Lange. 


Manu¬ 

script 

Page 

No. 

[Transliterated  Symbols] 

4260 

73  •  UZ 

«  ul ' trazvukovaya  -  ultrasonic 
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H  -  N  « 

naohal'naya  -  initial 
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U  -  D  - 

donny  -  bottom 
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11$  -  Df 

•  defekt  ■  flaw 
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M3  -  MZ 

■  mertvaya  zone  ■  dead  zone 
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ULTRASONIC  FLAW  DETECTOR  -  Instrument  for  detecting  flaws  (primar¬ 
ily  continuity  disturbances)  In  blanks  or  products  by  one  of  the  meth¬ 
od*  of  ultrasonic  flaw  detection  (see  Ultrasonic  Flaw  Detection).  De¬ 
pending  on  the  Inspection  method  and  the  means  by  which  the  elastic  vi¬ 
brations  are  transmitted  to  and  from  the  product,  a  distinction  Is  made 
between  several  types  of  ultrasonic  flaw  detectors,  for  example,  the 
ultrasonic  shade  flaw  detector  (contact  or  Immersion),  resonance,  etc. 
Certain  ultrasonic  flaw  detectors  are  used  for  Inspection  by  2  methods 
(for  example,  by  the  shade  and  reflection  method)  in  the  contact  as 

well  as  in  the  Immersion  versions.  A  distinction  is  made  between  gener- 

\ 

al  purpose  ultrasonic  flaw  detectors  which  serve  to  solve  a  wide  range 
of  flaw  detection  problems,  and  special  detectors  which  are  used  for 
Inspecting  specific  products  (railroad  rails,  rubber  tires,  turbine 
buckets,  etc.). 

References:  see  at  the  end  of  article  Ultrasonic  Flaw  Detection. 

Yu.V.  Lange. 
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UNDECAN  -  synthetic  heterochain  fiber  from  a  product  of  condensa¬ 
tion  polymerization  of  aminoundecane  acid.  The  production  technology  is 
being  assimilated  in  the  USSR;  in  Prance  Undecan  type  fiber  is  produced 
under  the  name  "Rylsan. " 

References:  Demina,  N. V.  [et  al.  ],  "KhV" ,  No.  5*  I960. 


E. M.  Ayzenshteyn. 


UHZSRSTRBSSZNQ  -  accumulation  of  changes  in  a  metal  by  cllcal  de¬ 
formation  which  Increase  Its  fatigue  resistance.  These  changes  are  due 
to  the  hardening  effeot  of  workhardening  and  to  the  formation  of  resid¬ 
ual  stresses  In  Individual  crystal  groups.  Understressing,  or  harden¬ 
ing,  corresponds  to  the  initial  stages  of  the  fatigue  process  and  is 
reflected  In  the  shape  of  the  probable  damage  curve  (see  Danageablll- 
ty).  which  at  this  stage  Is  situated  in  the  region  of  negative  damage 
values,  1. e. ,  In  the  hardening  region.  Understressing  affects  not  only 
an  increase  In  the  number  of  cycles  to  failure,  but  also  Increases  the 
fatigue  Unit,  which  is  determined  on  specimens  which  have  first  under¬ 
gone  understressing.  The  understressing  effect  depends  on  its  regime, 

1. e. ,  the  level  and  number  of  pre loading  cycles  and  on  the  presence  of 
stress  raisers.  The  optimum  understressing  regimes  for  different  metal - 
Uc  alloys  can  differ  substantially.  The  understressing  effect  is  par- 
par  tlcularly  Intensely  expressed  upon  a  gradual  Increase  In  the  ampli¬ 
tude  of  variable  stresses,  when  the  lncreaalng  changes  produced  by 
plastic  deformation  add  up.  Here  the  Increase  of  the  fatigue  limit  of 
plastic  steels  can  be  as  high  as  20-30 ijL 

S.V.  Serena  en 
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UNIDIRECTIONAL  STRESS  CYCLE  -  a  c/cle  In  which  maximum  and  minimum 


have  the  same  sign.  See  Fatigue 


O.T.  Ivanov 


UXXPOiM  HXCKZNO  -  the  relative  decrease  in  specimen  cross-sec  Ion- 
al  area  at  the  Instant  when  the  greatest  tensile  load  (final  uniform 
deformation)  Is  reached.  Zt  Is  expressed  as  a  ratio  or  percentage: 

-  (Jq-F^ )/^q •  lOOjf ,  where  FQ  Is  the  cross-sectional  area  of  the  spe¬ 
cimen  before  testing  and  F^  Is  Its  cross-sectional  area  over  the  region 
of  uniform  deformation  (determined  from  its  diameter  d^,  which  is  mea¬ 
sured  when  the  greatest  stress  Is  reached  during  testing  or  at  a  dis¬ 
tance  X  ^  3dQ  from  the  cracture,  where  dQ  Is  the  pretest  specimen  dia¬ 
meter).  For  materials  that  do  not  neck  the  uniform  necking  Is  approxi¬ 
mately  equal  to  the  final  reduction  In  area  and  the  elongation  6. 

For  the  majority  of  plastic  materials  the  uniform  necking  Is  substan¬ 
tially  less  than  the  concentrated  necking  (see  Concentrated  necking). 

On  nominal  deformation  graphs  showing  "nominal  stress  versus  reduction 
In  area,"  the  uniform  necking  is  the  abscissa  corresponding  to  the 
ultimate  atrength  o^. 


N.V.  Kadobnova 


I.  21 


UPSILON- ALLOY  (Y- alloy;  U-alloy)  Is  a  heatproof  aluminum-base  al¬ 
loy,  castable  or  malleable,  hardenable  by  heat  treatment,  containing  4$ 
Cu,  2$  Nl,  and  1.5$  Mg*  In  some  countries,  the  malleable  variation  of 
this  alloy  contains  about  0.6$  magnesium.  The  mechanical  properties  at 
room  temperature  are:  for  the  castable  alloy  up  to  30  kg/inn2,  oQ  2 
up  to  27  kg/mm2,  6  =  0.5$;  for  the  malleable  alloy:  =  37-42  kg/mm2, 

°0. 2  =  kg/fam  ,  6  =  5-13$.  It  is  used  for  the  production  of  engine 

pistons.  Alloys  of  a  similar  type  are  known  In  USSR  under  the  grade 
marks  AL1  and  AK2  (see  Aluminum  Alloys  for  Casting;  Forgeable.  Maleable 
Aluminum  Alloys.  ). 


O.S.  Bochvar,  K.S.  Pokhodayev 
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UREA -FORMA LDEHYDE  MOLDING  COMPOSITIONS  are  molding  compositions 
based  on  urea-formaldehyde  resin  ar.d  cellulose  sulfite,  having  the 
form  of  a  fine  powder  which  may  be  colored  in  soft  light  tones  either 
in  the  process  of  mixing  the  components  (wet  method),  or  during  grind¬ 
ing  of  the  dry  mass  (dry  method).  Two  grades  are  produced:  A  (for 
transparent  articles)  and  B  (for  nontransparent  articles).  Volatile 
content  is  2.8-3#;  Rasching  yield  is  60-160  mm.  It  is  recommended  that 
the  powder  be  tableted  to  obtain  higher  quality  articles  during  press¬ 
ing.  The  tablete  molding  composition  is  transformed  into  articles  by 

2 

hot  pressing  at  143  +  5°  with  a  specific  pressure  of  105-420  kg/cm  ; 
press  hold  time  is  1  mln/mm.  The  properties  of  the  urea-formaldehyde 
molding  compositions  are:  specific  weight  1.4-1. 5j  specific  impact 
strength  is  5-6  kg-cm/cm  ;  ultimate  strength  (kg/cm  ):  in  compression 
1000-2900,  in  tension  370-500,  in  bending  600-800;  tensile  elongation 

p 

0.2-0. 5#  tensile  modulus  of  elasticity  75,000-100,000  kg/cm  ;  Brinell 

p 

hardness  35-55  kg/mm  ;  water  absorption  0.45-0.65#  coefficient  of 
thermal  conductivity  is  0.108-0.2  dcal/m-hr-deg;  Martens  thermal  sta¬ 
bility  100°;  surface  resistivity  1010  —  1011  ohms;  volume  resistivity 
lO-1,1  ohm-cm;  electric  strength  14-16  kg/mm. 

The  urea-formaldehyde  molding  compositions  have  good  light  trans¬ 
mittance,  are  resistant  to  the  action  of  weak  acids  and  alkalis.  The 
finished  articles  do  not  require  maching  other  than  to  remove  flash¬ 
ing.  When  required,  machining  (drilling,  etc.)  is  performed  using 
tools  made  from  the  hard  alloys.  Threads  and  inscriptions  are  formed 
in  the  molding  process.  Articles  made  from  the  urea-formaldehyde  mold- 
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ing  compounds  can  operate  in  the  temperature  range  from  -30  to  +50°. 

The  urea -formaldehyde  molding  compositions  are  not  resistant  to  trop¬ 
ical  conditions.  They  are  used  primarily  for  the  production  of  tech¬ 
nical  articles  for  noncritical  application  (meter  cases,  radio  hous¬ 
ings,  certain  forms  of  electrical  equipment  (sockets,  plugs)  and  so  on) 
which  are  not  subject  to  alternating  action  of  moisture,  high  tempera- 
tures  or  climatic  factors  which  reduce  the  mechanical,  physical  and 
dielectrical  properties  of  the  urea-formaldehyde  molding  compositions 
during  long-term  service,  and  also  articles  for  household  use  —  toys, 
dishware  for  dry  foods,  furniture  components,  etc. 


V. N.  Gorbunov,  V.  Z.  Mayevskaya 
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URETHANE  RUBBER  (polyester  rubber,  polyisocyanate  rubber)  -  Is  the 
product  of  the  condensation  of  a  dibasic  acid  with  glycol  and  a  subse¬ 
quent  reaction  of  the  obtained  ester  with  dl-isocyanate.  Urethane  rub¬ 
bers  are  delivered  in  the  trade  marks  SKU  (USSR),  VUlcollan  (German 
Federal  Republic),  VUlcaprene  (Great  Britain),  Chemigum,  Adiprene,  and 
Gentane  (U.  S.  }.  Urethane  rubbers  are  characterized  by  high  physicome- 
chanlcal  Indices:  tensile  strength,  elasticity,  resistance  to  alternat¬ 
ing  deformations  and  a  high  tear  resistance,  an  excellent  resistance  to 
abrasion  which  considerably  surpasses  that  of  other  industrial  rubber 
types.  Urethane  rubbers  are  stable  to  oxidation  and  to  thermal  aging. 
The  mechanical  properties  vary  in  a  considerably  wide  range  depending 
on  the  type  of  the  initial  polyesters  and  di-isocyanates,  also  on  the 

p 

composition:  tensile  strength  300-420  kg/cm  ;  relative  elongation  400- 
650$;  residual  elongation  5-35$;  modulus  at  300$  elongation  50-250 

p 

kg/cm  ;  rebound  elasticity  at  20°  50-70$;  3M-2  hardness  50-95;  tear  re¬ 
sistance  50-175  kg/cm;  abrasion  factor  20-40$  (with  respect  to  a  stand¬ 
ard  natural  rubber  filled  with  carbon  black).  Urethane  rubbers  are 
characterized  by  a  high  resistance  to  the  action  of  oils,  they  have  al¬ 
most  no  swelling  in  them,  and  also  a  high  resistance  to  gasoline,  kero¬ 
sene,  benzene,  and  other  aliphatic  and  aromatic  hydrocarbons.  The 
stability  of  urethane  rubbers  at  high  and  low  temperatures  depends  on 
the  type  of  the  initial  polymers  (esters  or  ethers).  Urethane  rubbers 
on  polyester  basis  are  practicable  in  the  temperature  range  from  -30, 
and  -40  to  +150,  +140°.  Urethane  rubbers  on  ether  basis  are  frostprdW 

up  to  -70,  -750.  Urethane  rubbers  are  insufficiently  resistant  to  hot 
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water,  steam,  alkalis  and  acids.  The  high  shock-absorption  power  and 
the  good  gas-tightness  being  0. 1-0.2  only  of  that  of  natural  rubbers, 
are  valuable  properties  of  the  urethane  rubbers.  Urethane  rubbers  of 
the  VUlcollan  type  on  basis  of  esters  are  obtained  in  the  form  of  vul¬ 
canized  products;  the  specific  gravity  is  1.26;  they  are  insoluble  in 
usual  solvents,  they  maintain  their  elasticity  in  the  temperature 
range  from  -30°  to  +130°;  they  are  not  workable  on  the  usual  equipment 
of  rubber  plants  (rollers,  mixers,  calanders,  extruders);  they  are  not 
miscible  with  other  rubbers  and  also  with  fillers,  softeners  and  other 
ingredients  of  rubber  stocks.  Products  of  urethane  rubbers  are  produced 
by  means  of  lathes,  millers,  polishing  and  other  metal-working  machines, 
and  also  by  the  most  modern  technology  of  direct  molding.  Hiis  simpli¬ 
fies  the  process  of  production  of  monolithic  products  with  a  homogen¬ 
eous  structure.  In  contrast  to  the  urethane  rubbers  on  ester  basis,  the 
urethane  rubbers  on  ether  basis  of  the  Adiprene  type  are  obtainable  In 
the  form  of  a  nonvulcanized  rubber;  they  have  a  specific  gravity  of 
1.07;  they  are  soluble  in  tetrahydrofuran,  methyl  ethyl  ketone,  dimethyl- 
formamlde,  and  they  swell  in  chlorinated  solvents  and  petroleum  hydro¬ 
carbons;  they  are  worked  on  the  usual  equipments  of  rubber  plants;  they 
are  compatible  with  the  ingredients  of  rubber  compounds;  their  vulcani¬ 
zation  is  carried  out  by  means  of  di-isocyanates;  the  most  modern 
types  of  these  rubbers  are  vulcanized  by  means  of  sulfui*  and  organic 
peroxides,  especially  by  di-isopropyl  benzene  peroxide.  Raw  compounds 
of  urethane  rubbers,  vulcani iable  by  di-lsocyanates,  show  an  increased 
tendency  to  scorching  and  cannot  be  stored  for  a  long  time.  Compounds 
vulcanizable  by  peroxides  and  sulfur  are  sufficiently  stable  and  do  not 
tend  to  scorch.  Nonfilled  rubbers  on  Adiprene  basis,  especially  those 
which  are  vulcanizable  by  sulfur  and  peroxides,  have  a  tensile  strength 

p 

in  the  range  of  100-200  kg/cm  .  Fillers,  such  as  carbon  black,  resins, 
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©specially  coumarone  lndene  resins,  silica,  kaolin,  chalk,  etc.,  are 
used  in  order  to  increase  the  strength  and  to  improve  the  other  physi- 
comechanical  properties.  The  tensile  strength  of  rubbers  containing 

o 

active  carbon  black  reaches  to  380  kg/cm  .  Besides  the  solid  urethane 
rubbers,  liquid  urethane  rubbers  are  obtainable  which  are  vulcanlzable 
by  the  action  of  polyamines,  polyglycols,  or  water,  forming  solid 
elastic  rubbers  with  high  mechanical  characteristics.  Addition  of  fill¬ 
ers  to  liquid  urethane  rubbers  increases  the  modulus  and  the  hardness 
of  the  rubbers.  Liquid  urethane  rubbers  are  well  compatible  with  epoxy¬ 
resins.  Such  compounds  possess  after  curing  a  low  brittleness  point 
(-61°),  a  high  strength  (140-700  kg/cm  ),  and  a  high  resistance  to 
ozone,  oxygen,  petroleum  fuels,  lubricating  oils,  and  certain  solvents. 

The  instability  to  the  action  of  water  is  one  of  the  main  disad¬ 
vantages  of  liquid  urethane  rubbers;  they  must,  therefore,  be  stored 
hermetically  sealed.  Compounds  of  liquid  urethane  rubbers  can  be  used 
for  the  production  of  objects  by  the  molding  method.  The  linear 
shrinkage  is  1-2. 5&  Urethane  rubbers  of  the  VUlcollan  type  are  used  as 
a  structural  material  in  machine  building,  in  transport,  in  ore  mining 
and  petroleum  industry,  and  in  other  fields  of  engineering.  Oil-  and 
gasoline-proof  packings,  sealing  collars,  parts  of  elastic  hinges, 
limiting  dampers,  sealing  rings  for  pipes,  membranes  and  packings  for 
diverse  purposes,  gear  wheels  for  engines,  pedals,  diverse  starting  de¬ 
vices,  etc.,  are  produced  by  molding  of  urethane  rubbers. 

Thin-walled  products,  as,  for  example,  ozone-stable  coatings  of 
wires  and  cables,  seamless  connecting  blocs  for  diverse  coupling  sys¬ 
tems,  etc.,  are  produced  by  dipping,  using  dlmethylformamlde  as  a  sol¬ 
vent.  Urethane  rubbers  of  the  Adiprene  type  are  practicable  for  the 
production  of  the  greatest  part  of  the  objects  mentioned  above.  Owing 
to  its  workability  on  the  equipment  of  rubber  plants,  this  type  of  ure- 
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thane  rubber  is  more  easily  practicable  for  the  production  of  conveyor 
belts,  sealing  collars,  and  membranes.  Tires,  experimentally  prepared 
with  a  urethane  rubber  tread,  have  shown  a  very  high  run,  surpassing 
by  more  than  2  times  the  run  of  tires  with  a  divinyl  3tyrene  rubber 
tread.  Liquid  urethane  rubbers  are  used  for  the  production  of  differ¬ 
ent  complicatedly  shaped  objects  by  molding,  for  application  of  decor¬ 
ations  and  protective  coatings  by  spraying  and  dipping,  for  the  pro¬ 
tection  of  electric  equipments,  for  impregnation,  and  for  other  pur¬ 
poses. 

References:  Kauchuki  spetsial'nogo  naznacheniya  [Fubbers  for 
Special  Purposes]  Collection  of  Papers,  edited  by  I. V.  Garmonov,  Moscow, 
1961;  Sinteticheskiy  kauchuk  [Synthetic  Rubber],  edited  by  G.  Whitby, 
translated  from  English,  Leningrad,  1957. 

I.  V.  Borodina 
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VACUUM  AND  PNEUMATIC  FORMING  -  methods  for  processing  plastics  In¬ 
to  articles  from  sheet  or  film-like  thermoplastic  material  heated  to  a 
highly-elastic  state,  with  a  difference  In  pressures  above  and  below 
the  thermoplastic  sheet.  In  vacuum  forming  the  pressure  difference  Is 
created  by  producing  a  vacuum  In  the  mold,  while  In  pneumatic  forming 
this  Is  done  by  supplying  compressed  air.  ftie  equipment  and  tools  used 
In  vacuum  and  pneumatic  foming  are  less  expensive  and  simpler  than 
those  used  In  other  methods  of  thermoplastic  material  processing;  pro¬ 
duction  of  an  article  with  larger  overall  dimensions  has  a  relatively 
minor  effect  on  the  Increase  In  the  cost  of  equipment  and  tools,  which 
makes  these  two  processes  more  advantageous  for  production  of  articles 
with  large  overall  dimensions.  However,  the  cost  of  the  sheet  material 
Is  some^iat  higher  than  that  of  granules  and  powder,  which  are  the 
starting  materials  In  processing  thermoplastic  materials  by  pressure 
casting  or  compression  molding.  The  assortment  of  articles  produced  by 
vacuum  and  pneumatic  forming  Is  very  extensive:  the  Internal  shell, 
door  panel  and  trays  of  refrigerators,  mask  and  protective  cap  In  tele¬ 
vision  sets,  guards  and  protective  covers  for  machinery,  pumps  and  their 
gaskets,  lllumlnants,  wall  facing  panels,  [small]  washable  tanks,  vari¬ 
ety  of  containers  for  packing  of  foord  products  and  technological  arti¬ 
cles,  negative-developing  baths,  consumer  goods  of  every  description, 
etc.  Several  versions  of  vacuum  forming  are  In  existence:  a)  negative, 
b)  positive  with  preliminary  mechanical  cupping  and  c)  forming  by  a 
male  die.  In  negative  forming  (Fig.  1)  the  thermoplastic  material  sheet 

1  Is  fastened  on  form  2  by  clamping  frame  3  and  a  sheet  4  made  from 
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spongy  rubber  and  It  Is  brought  to  the  forming  temperature  by  an  Infra¬ 
red  heater.  Then  air  Is  pumped  out  from  the  form  through  channels  5 
which  are  about  1  mm  In  diameter.  The  heated  material  takes  on  the 
shape  of  the  internal  void  of  the  form.  After  cooling,  the  clamping 
frame  is  opened  and  the  formed  product  is  removed.  This  method  Is  usual¬ 
ly  used  for  obtaining  relatively  shallow  products,  whose  height  does 
not  exceed  half  the  diameter  or  width.  In  forming  deeper  articles  the 
bottom  (particularly  In  the  comers)  comes  out  much  thinner  than  the 
side  walls.  In  positive  forming  preceded  by  cupping  (Fig.  2)  the  clamp- 
device  3  is  produced  in  the  form  of  a  separate  frame;  the  height  of  the 
frume  should  correspond  to  that  of  the  article.  The  form  (in  this  case 
male  die  2  with  rubber  sheet  4  and  air-evacuation  channels  3)  Is  placed 
inside  the  frame  in  a  manner  such  that  a  space  of  1-3  mm  remains  be¬ 
tween  them,  and  is  connected  to  the  hydraulic  drive  of  the  vacuum-form¬ 
ing  machine.  The  thermoplastic  material  sheet  1  is  fasted  to  the  frame 
and  is  heated  to  the  forming  temperature.  Then  the  male  die  Is  raised 

and  mechanically  draws  the  sheet,  where¬ 
upon  the  vacuum  Is  started  up  and  the 
softened  sheet  clings  tightly  to  the 
male  die.  This  method  makes  It  possible 
to  produce  articles  whose  height  Is 
equal  to  the  diameter  or  width.  The 
tliicker  part  here  is  the  bottom  of  the  product,  while  the  side  walls 
(particularly  in  the  top  part)  are  more  drawn.  Forming  by  using  a  male 
die  (Fig.  3)  combines  the  advantages  of  the  first  two  methods  and  en¬ 
sures  uniform  thickness  of  the  product's  walls.  In  forming  by  using  a 

e 

male  die  the  design  of  the  form  is  the  same  as  In  negative  forming.  The 
made  die  configuration  corresponds  to  the  simplified  configuration  of 
the  product.  After  the  material  is  heated  the  male  die  is  lowered  and 


Fig.  1.  Diagram  of  negative 
forming;  a  and  b  are  differ¬ 
ent  stages  of  tKe  process. 
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ukM  an  impression  in  the  softened  sheet.  After  preliminary  forming 
ends,  the  vacuum  is  started  up,  which  pulls  away  the  thermoplastic  ma- 


Fig.  2.  Diagram  of  positive  form¬ 
ing  with  preliminary  mechanical 
cupping;  a,  b  and  c  are  different 
stager  of”  the  process. 


substantial  extent  automated  and 


terlal  from  the  male  die  and 
presses  it  to  the  surface  of  the 
form.  This  method  can  be  used  for 
obtaining  products  whose  height 
is  equal  to  and  even  slightly  ex¬ 
ceeds  the  diameter.  The  majority 
of  vacuum-forming  machines  are 
all-purpose,  entirely  or  to  a 
be  used  for  manufacture  of  pro¬ 


ducts  by  various  methods.  Thick  sheets  are  formed  on  machines  which  use, 
in  addition  to  the  vacuum,  compressor-created  pressure.  Flow  lines 


Fig.  3.  Diagram  of  vacuum  forming 
by  using  an  upper  male  die;  a,  b 
and  c  are  different  stages  0?  tTie 
process.  1)  Sheet  of  thermoplastic 
material:  2)  fora;  3)  clamping 
frame;  4)  rubber  sheet:  5)  air- 
evacuation  channels;  6)  male  die. 


exist  which  Include  extrusion 
units  for  producing  sheet  or  film 
and  vacuum-forming  machines,  and 
in  individual  cases  also  devices 
for  packing  the  products  into 
plastic  containers. 

Processing  of  thermoplastic 
materials  by  pneumatic  methods  is 
similar  to  vacuum  forming.  Pneu¬ 
matic  forming,  in  addition  to  the 


forming  tool  (negative  fora  or  male  die)  requires  an  air-tight  insulat¬ 


ed  chamber  which  is  usually  Installed  on  the  press.  The  material  is 
heated  outside  the  form,  most  frequently  in  a  preheating  chamber.  The 
heated  blank  is  placed  on  the  form  and  is  clamped  along  the  perimeter 
of  the  article  by  lowering  the  upper  half  of  a  chamber  fastened  to  the 
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movable  platen  of  the  press.  Compressed  air  is  supplied  to  the  chamber, 
forming  takes  place,  after  which  the  product  is  cooled. 

The  main  materials  which  are  processed  by  vacuum  and  pneumatic 
forming  ares  1)  styrene  copolymers,  most  frequently  with  rubber,  pro¬ 
duced  in  the  USSR  under  the  name  impact- resistant  polystyrene  (SNR)  and 
high-strength  polystyrene  (VPP);  polyvinylchloride  and  its  copolymers; 
pure  polyvinylchloride  (vinyplast)  and  plasticised  polyvinylchloride 
are  produced  in  the  USSR  in  sheet  form;  3)  polymethyl  methacrylate 
(organic  glass)  which,  unlike  styrene  and  polyvinylchloride  copolymers. 
Is  most  frequently  processed  by  the  pneumatic  method;  4)  high-  and  low- 
pressure  polyethylene.  The  thickness  of  the  sheets  and  films  which  are 
processed  is  from  0.025  to  10  mm.  The  temperature  parameters  of  vacuum 
and  pneumatic  forming  are  presented  In  the  Table. 

The  vacuum  when  producing  articles  by  the  vacuum-foming  method  is 
0.8-0.95  atmospheres;  the  pressure  in  pneumatic  forming  is  from  0.5  to 
1.5  atmospheres.  Forms  for  vacuum  and  pneumatic  forming  are  made,  de¬ 
pending  cm  the  quantity  of  articles  to  be  formed,  and  their  intended 
service,  from;  wood  or  gypsum  (for  small  quantities),  plastics,  for  ex¬ 
ample,  using  an  epoxy  or  phenol  resin  base  (when  producing  10-15  thou¬ 
sand  articles),  from  metals  (for  large  quantities).  Galvanlzed-concrete 
forms  are  economical  and  easy  to  produce.  Multicell  forms  are  made  when 
producing  small  articles. 

Temperature  Parameters  of 

Vacuum  and  Pneumatic  Forming 
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1)  Material;  2)  forming  tem¬ 
perature  In  vacuum  forming 

4289 


1-3*4 


f*C;  4)  SNP;  5)  vinyplast; 
o)  organic  glass;  7)  high- 
pressure  polyethylene. 

References:  Lapshin,  V.  V.  and  Ivakhnenko,  P.Ya.  Vakuumnoye  fora,., 
ovaniye  termoplastlchesklkh  materlalov  [Vacuum  Forming  of  Thermoplastic 
Materials].  "FI I,"  Ho.  7#  1961;  Strel'tsov,  K.N. ,  Pnevmaticheskiye  melo¬ 
dy  pererabotkl  llstovykh  termoplastov  [Pneumatic  Methods  of  Processing 
Thermoplastic  Sheets],  Leningrad,  1959;  Butzko,  R.L. ,  Plastic  sheet 
forming,  H.Y.  -  London,  1956. 

P.  Ya.  Ivakhnenko 
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VACUUM  CERAMICS  -  are  ceramic  materials  characterized  by  a  high 
density  (vacuum-tightness),  good  the rmomechanlcal  properties  and  loir 
dielectric  losses  In  a  wide  Interval  of  temperatures  and  frequencies. 
Vacuum  ceramics  permit  to  realize  vacuum-tight  joints  with  copper.  Iron, 
and  their  alloys.  Therefore,  a  correspondence  between  the  linear  expan¬ 
sion  coefficients  of  the  ceramic  and  the  metal  must  be  provided  when 
selecting  the  ceramic  material  which  Is  in  contact  with  the  metal.  The 
linear  expansion  coefficient  of  the  vacuum  ceramic  In  the  Interval  from 
20  to  900°  must  be  13-15*  10“^  for  joints  with  copper  and  its  alloys, 
10-11* 10”6  for  joints  with  iron  and  its  alloys,  6-7* 10“^  and  3-4. 5* 10H^ 
degrees-’1  for  joints  with  Covar.  Corundum  and  steatite  ceramics  are  the 
most  widely  used  ones;  they  are  delivered  by  the  industry  under  diverse 
names  and  trademarks.  The  vacuum  ceramics  are  incorporated  into  the 
large  class  of  radioceramic  materials  (Ceramic  Materials  for  Radio  En¬ 
gineering).  The  properties  of  vacuum  ceramics  used  inside  of  vacuuu 
apparates  are  standardized  by  GOST  5458-57,  class  VI.  Some  properties 
of  the  main  vacuum-tight  high-frequency  ceramics  are  listed  in  the 
Table. 

TABLE 
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porary  bending  strength  (kg/cm2);  5)  dielectric  constant;  6)  tangent  of 
the  loss  angle;  7)  cps;  8)  corundum  ceramics;  9)  steatite,  forsterite, 
and  celslan  ceramics;  10)  corundum-mullite  ceramics  and  ultra-porcelain; 
11)  good;  12)  poor;  13)  sufficient. 


References:  Cole  V. ,  Tekhnologiya  materlalov  dlya  elektrovakuumnykh 
prlborov  [Technology  of  Materials  for  Electric  Vacuum  Devices],  trans¬ 
lated  from  Ihglish,  Moscow-Leningrad,  1957;  Bogoroditskiy  N.  P. ,  Pasyn- 
kov  V.V. ,  Materialy  v  radioelektronike  [Materials  Used  in  Radio  Elec¬ 
tronics],  Moscow-Leningrad,  1961. 

V.  L.  Balkevich 
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VACUUMED  STEEL  -  high-quality,  usually  alloyed  steel  with  a  re¬ 
duced  content  of  gases  and  nonmetallic  inclusions,  which  is  obtained  by 
using  a  vacuum  in  the  smelting  or  teeming  process.  During  ordinary 
metallurgical  processes  of  steel  production  (Bessemer,  open-hearth, 
electric  furnace,  etc.),  the  metal  is  saturated  by  gases  (oxygen,  ni¬ 
trogen,  hydrogen)  which  impairs  the  service  qualities  of  components 
made  from  it.  Due  to  the  low  solubility  of  oxygen  in  iron  (0.04$)  it  is 
contained  in  the  steel  almost  exclusively  in  the  form  of  oxide  inclu¬ 
sions  and  hence  can  impair  its  properties  (particularly  mechanical). 

The  effect  of  nitrogen  is  expressed  primarily  in  the  steel's  tendency 
to  aging  and  to  intercrystalline  corrosion.  The  saturation  of  steel  by 
hydrogen  results  in  formation  of  pores,  friability,  flakes,  and  also  in 
a  sharp  decrease  in  plasticity.  Hence  elaboration  and  adaptation  of 
methods  for  obtaining  steel  with  a  reduced  gas  content  by  using  vacuum¬ 
ing  in  smelting  the  steel  in  furnaces  or  in  the  pouring  process  is  of 
great  significance.  Smelting  of  steel  under  vaccum  involves  certain  dif¬ 
ficulties  which  are  due  primarily  to  the  need  of  hermetizing  the  work¬ 
ing  space  of  the  furnace  which  is  situated  in  a  high-temperature  zone. 
This,  in  part,  is  responsible  for  the  fact  that  only  a  relatively 
moderate  amount  of  liquid  metal  can  be  smelted  under  vacuum.  Hence  the 
vacuum  smelting  method  is  used  primarily  in  producing  special  alloys. 

In  mass  production  it  is  more  efficient  to  vacuum  the  steel  in  the 

ladel.  For  this  the  molten  steel  in  the  teeming  ladle  is  placed  in  a 

—1  — ^ 

chamber-  (container)  in  which  a  vacuum  of  the  order  of  10  -10  mm  of 

Hg  is  created,  and  it  is  held  for  a  time  sufficient  for  substantially 
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reducing  the  gas  content  and  ensuring  satisfactory  teeming.  Sometimes 
vacuuming  is  also  performed  in  the  teeming  process,  by  placing  the  in¬ 
got  molds  o"  forms  with  the  molten  metal  in  special  chambers,  the 
vacuum  in  which  is  maintained  within  the  limits  of  several  millimeters 
of  mercury. 

Vacuuming  in  the  ladle  substantially  improves  the  properties  of 
rail  and  ball-bearing  steel  which  is  used  for  making  components  which 
must  be  wear-resistant  under  a  high  contact  pressure.  In  this  case  the 
reduction  in  the  quantity  of  nonmetallic  inclusion  sharply  improves  the 
service  endurance  of  the  rails,  bearings,  and  similar  components. 

Particular  importance  is  acquired  by  vacuuming  attendant  to  the 

p 

smelting  and  teeming  of  high-strength  steels (ob  higher  than  200  kg/mm  ) 
and  electrical  iron.  Reduction  in  the  quantity  of  inclusions  (gases) 
results  in  a  substantial  increase  in  mechanical  properties,  high  effect 
of  strength- increasing  treatments,  (for  high-strength  steels),  in  im¬ 
proved  indicators  of  wattage  losses,  magnetic  permeability,  etc. , 
(electrical  iron). 


M.  L.  Bemshtein,  I.  N.  Kidin 


VACUUMING  OP  ALUMINUM  ALLOYS  -  refining  of  aluminum  alloys  for  re¬ 
moval  of  nonmetallic  admixtures  by  holding  the  molten  metal  (before 
pouring)  in  a  vacuum  chamber  (0. 1-2.0  mm  of  Hg)  (Table  1).  Vacuuming  of 
aluminum  alloys  is  the  most  efficient  refining  method.  Vacuuming  of 

aluminum  alloys  is  accompanied  by  intensive  separ¬ 
ation  of  hydrogen  bubbles  from  the  melt.  Particles 
of  hard  nonmetallic  inclusions  on  which  the  hydro¬ 
gen  bubbles  are  adsorbed  float  to  the  surface  of 
the  metal  or  settle  at  the  melting  pot  bottom.  The 
rate  of  %'acuuming  of  aluminum  alloys  can  be  in¬ 
creased  by  covering  the  metal  surface  by  a  moder¬ 
ate  amount  (up  to  0.2 %  by  weight  of  the  metal)  of 
flux  which  adsorbs  the  aluminum  oxide.  The  vacuum¬ 
ing  method  makes  it  possible  to  decrease  the  gas  porosity  of  castings 
by  approximately  two  (scale)  divisions  and  to  substantially  increase 
their  density  and  strength  (Table  2).  Unlike  the  majority  of  other  re¬ 
fining  methods,  vacuuming  of  aluminum  alloys  aids  in  providing  health¬ 
ier  work  conditions  in  foundries  and  can  be  used  after  modification 
(see  Silumin).  The  technology  of  vacuuming  aluminum  shaping  alloys  is 
[presently]  being  developed.  The  hydrogen  content  of  the  m3tal  after 
vacuuming  is  reduced  by  50-80#;  here  this  reduction  is  the  greater,  the 
higher  the  starting  hydrogen  content  of  the  metal.  Hie  composition  of 
alloys,  for  example,  AV,  Dl,  Dl6,  AK8  with  respect  to  their  main  alloy¬ 
ing  elements  practically  does  not  change  after  vacuuming.  Zinc,  which 
is  contained  in  amounts  of  5-10#  in  alloys  V93,  V95,  V96,  etc. ,  is  re- 


TABLE  1 

Time  During  Which 
the  Metal  is  Kept 
Under  Vacuum  as  a 


Function 

Weight. 

of  Its 

1 

'Ire  (v?)  ^ 

RpCMD 

2  (MHH.) 

5U— 1 00 

3 

1 00— 1  SO 

5 

4  50—300 

8 

1S00-200O 

15-20 

1)  Weight  (kg);  2) 
time  (min.  ). 


duced  after  vacuuming  by  0. 8-2. 0%. 

TABLE  2 

Changes  In  the  Properties  of  Cast 
Specimens  as  a  Function  of  the 
Treatment  Given  to  the  Metal  Be¬ 
fore  Pouring  Into  Moulds 
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1)  Alloy;  2)  treatment  of  metal  be¬ 
fore  pouring;  3)  mechanical  proper¬ 
ties;  4)  (kg/mm*)*  5)  division  on 
porosity  scale;  6)  (g/cm3);  7)  AL;  8) 
not  vacuumed;  9)  vacuumed. 


References:  Liteynyye  alyuminiyevyye  splavy  [Aluminum  Casting  Al- 
Joys].  In  the  collection  under  the  editorship  of  I.N.  Fridlander  and 
M. B.  Al'tman,  Moscow,  1961;  Primeneniye  vakuuma  v  metallurgii  [The  Use 
of  Vacuum  in  Metallurgy],  (Collection  of  Articles),  Moscow,  i960. 


M. B.  Al'tman,  V.A.  Zasypkin,  A. Ye.  Semenov 


VACUUM  MATERIALS  -  materials  used  in  vacuum  apparatus  and  Instru¬ 
ments. 

The  basic  requirement  put  to  vacuum  materials  is  low  vapor  pres¬ 
sure  at  working  temperatures  and  ease  of  outgassing.  The  other  require¬ 
ments  put  to  vacuum  materials  are  determined  by  their  field  of  applica¬ 
tion,  for  example,  materials  for  the  fabrication  of  vacuum  tubes  should 
be  sufficiently  strong  at  high  temperatures  and  should  have  high  insu¬ 
lating  properties  or,  conversely,  high  electrical  conductivity.  Vacuum 
materials  are  divided  into  the  followii^g  main  groups:  materials  of 
construction,  getters  (gas  absorbers),  vacuum  oils  (fluids  for  high- 
vacuum  installations),  vacuum  putties,  lubricants,  lacquers  and  cements. 
The  main  properties  of  the  more  important  materials  of  construction 
used  in  vacuum  equipment  are  presented  in  the  Table, 

References:  see  article  entitled  Getters. 

Ye.N.  Martinson 
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Main  Properties  of  Materials  Used  In 
of  Vacuum  Equipment 


the  Manufacture 
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1)  Materials]  2)  melting  temperature,  °C;  3)  tempera- 
ture  at  which  the  vapor  pressure  comprises  1*10  •'  mm 
of  Hg  and  the  corresponding  vaporization  rate;  4) 
specific  weight  at  20°;  5)  coefficient  of  linear  ex¬ 
pansion  a*l(r  (0-100°);  6)  ultimate  tensile  strength 
(kg/mm2);  7)  thermal  conductivity  at  20°  (cal/cm-sec- 
°C);  8)  specific  electric  resistivity  at  20°  (micro- 
ohms-cm);  9)  temperature  (°C);  10)  rate  of  vaporiza¬ 
tion  (g/cm2-sec);  11)  metals;  12)  aluminum;  13)  N;  14) 
tungsten;  15)  iron;  16)  copper;  17)  molybdenum;  18) 
nickel;  19)  palladium;  20)  platinum;  21)  silver;  22) 
tantalum;  23)  titanium  (iodide);  24)  zirconium  (iodide); 
25)  alloys;  26)  L-68  brass;  27)  monel;  28)  nichrome;  29) 
IKhl8N9  (EYa-1)  stainless  steel;  30)  LKhl8N9T  (EYa-lT) 
stainless  steel);  31)  Femico  (Kovar);  32)  various  mater¬ 
ials;  33)  electro-graphite;  34)  (carbon);  35)  (longitu¬ 
dinal);  36)  mica  (muscovite);  37)  (by  volume;  ohm-cm); 

38)  melted  quartz;  39)  glass;  40)  alumina  ceramics;  4l) 
magnesium;  42)  rubber  (hoses);  43)  (by  volume). 


) 
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VALVE  STEEL-  is  a  steel  for  the  production  of  the  inlet  and  ex¬ 
haust  valves  of  intemal-ccmbustion  engines.  Valve  steel  must  have  a 
high  strength  and  hardness  at  working  temperatures,  it  must  be  resist¬ 
ant  to  the  effect  of  the  combustion  products  of  the  fuel,  including 
fuels  containing  ethyl  fluid  (the  higher  aggressivity  of  the  combustion 
products  of  fuel  containing  tetraethyl  lead  is  explained  by  the  presence 
of  lead  oxide  snd  of  the  corrosion-actives  hydrochloric  and  hydrobromic 
acids  in  them).  The  great  hardness  of  valve  steel  is  necessary  in  order 
to  Increase  the  wear-resistance  of  the  valves,  and  also  to  crush  the 
combustion  products  when  the  face  of  the  valve  touches  the  seat.  The 

O 

hardness  of  valve  steel  must  be  not  lower  than  120  kg/mm  (HB)  at 
working  temperature.  Hard  alloys,  the  steelites  VZK  or  VKhNI,  or  the 
Nichrome  Kh20N80  are  brazed  to  the  face  or  the  disc  of  the  valve  in 
order  to  increase  the  durability  of  the  valve  steel.  An  intense  calor- 
izing  (coating  with  aluminum)  of  the  valve's  working  surface  is  also 
carried  out  for  this  purpose.  The  burning-out  of  ti»e  valve  increases 
considerably  when  a  gap  appears  between  the  valve  and  the  seat.  The 
brazing  of  the  relatively  soft,  although  heatproof  Nichrome  on  the  face 
of  the  valve  curbs  the  formation  of  gaps  which  are  seats  of  destruction, 
owing  to  the  plastic  deformation  of  the  Nichrome.  Hence,  the  combination 
of  the  hard  stellite  and  the  soft  Nichrome  efficiently  solves  the  pro¬ 
blem.  In  order  to  reduce  the  heating  temperature  of  the  material,  the 
valves  are  sometimes  designed  with  a  hollow  body  filled  with  metallic 
sodium  which  due  to  its  circulation  conducts  the  heat  via  the  valve 
stem  to  the  body  of  the  engine  (Figs.  1,  2).  The  chemical  composition 
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of  valve  steel,  according  to  GOST  5632-61,  is  quoted  In  Table  1. 

The  hardness  of  Silchrane  steels  is  rapidly  reduced  at  tempera¬ 
tures  higher  than  550-600°  (Fig.  3).  The  Nlchrome  alloy  Kh20N80  used 

i 


i 

i 


Fig.  1.  Scheme  of 
heat  conduction  in  a 
valve  cooled  with  sod¬ 
ium. 


for  the  brazing  on  valve  faces  retains  a  sufficient  hardness  when  heat¬ 
ed  to  700-750°.  The  nlckel-chroeilum-tltanluu  alloy  Kh20ff77TYu2,  hardan- 
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Flg.  2.  Variations  in  the  heating  temperature  of  the  valve  due  to  the 
fuel  -  air  ratio:  a)  Valve  without  cooling;  b)  valve  cooled  with  sodium. 
1)  Ueating  temperature  of  the  "alvej  2)  poor  mixture;  3)  fuel-a^r  ratio: 
4)  rich  mixture. 

lng  by  dispersion,  has  a  maximum  hardness  st  high  temperatures.  The  me¬ 
chanical  properties  of  valve  steel  and  of  certain  materials  used  for 
erasing  on  the  facet  of  valves  are  quoted  in  Table  2. 

The  steels  4gh9S2  and  4KhlOS2M  are  used  for  the  valves  of  automo¬ 
bile  and  tractor  engines,  the  steels  3Khl3*7S2  and  4Khl4hl4V2h  with 
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brazeti-on  stellite  or  nichrcme  are  used  for  the  exhaust  valves  of  air¬ 
craft  engines,  the  steel  4Kiil4Nl4V2S2  is  used  for  valve  seats,  and  the 
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Chemical  Composition 
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1)  Steel,  alloy  according  to  GOST;  2)  trademark;  3)  percentage  of  the 
elements:  4)  other  elements;  5)  4Kh9S;  6)  EsKh8;  7)  basis;  8)  4KhlOS2M; 
9)  El..;  10)  3Khl3N7S2;  11)  4Khl4N14V2M;  12)  4Khl4Jfl4V2S2;  13)  „ 

Kh20!T77T2Yu;  14)  E1437A;  15)  alloys  for  brazing  on  valve  steel;  lb) 
Kh20N80;  17)  VZK,  18)  VZK;  18)  VKhNl. 


Pig,  3.  Variations  in  the  hardness  of  steels  and  alloys  for  valves  due 
to  the  temperature.  1)  kg/ns  ;  2)  brazed  vith  the  Kh20N8o  alloy  with 
0. pi  C;  3)  Niaonic  80  after  aging  at  700*;  4)  Silchrame;  5)  room  tem¬ 
perature;  6)  temperature,  *C. 
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TABLE  2 

Mechanical  Properties  and  Conditions  of  the  Heat 
Treatment 
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1)  Steel,  alloy  according  to  GOST;  2)  trademark;  3)  heat  treatment;  H) 
ciotp*  mm;  5)  kg/mm  ;  pa)  kg/om  ;  6)  temperature  at  which  intense  oxida¬ 
tion  begins;  7)  “Kh9S2;  8)  ESKh8;  9)  hardening  from  1050*  in  oil;  tem¬ 
pering  at  630-700®,  cooling  in  a.-'r;  10)  tempering  at  6p0tl0®,  cooling 
in  air;  11)  hardening  from  1000*  in  oil,  tempering  at  800®,  cooling  in 
water;  12)  -Khl0S2M;  13)  El..;  14)  hardening  from  1010-1050*  in  oil, 
tempering  at  750*30*,  cooling  in  cil;  15)  3Khl3N7S2;  16)  hardening  from 
1050*,  tempering  at  860-880°,  cooling  to  70C®  within  2  hrs  and  then  in 
furnace;  normalizing  at  660-680®  for  30  min,  cooling  In  air,  hardening 
from  790-810®  in  oil;  17)  **Khl-*Nl4V2K;  18)  hardening  at  830*  for  at 
least  5  hrs,  cooling  in  air;  19)  4Khl«Nl4V2S2;  20)  hot-rolled  material, 
after  tempering  at  820®  for  5  hrs,  cooling  in  air;  21)  Kh20N7?T2Yu;  22) 
EI^37A;  23)  hardneing  from  1080  M0®,  tempering  for  8  hrs,  cooling  in 
air,  aging  a*  "OOriO*  !'cr  It  hrs,  cooling  in  air;  2**)  VZK;  25)  cast; 

26)  VKhtfl. 
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alloy  Kh20N77T2Yu  for  hollow  exhaust  valves  of  aircraft  engines  (abroad, 
the  alloy  Nlmonic  80  is  used). 

References:  Khimushin  P. F. ,  Zharoupornyye  stall  dlya  aviatsionnykh 
dvlgateloy  [Heatproof  Steels  for  Aircraft  Engines].  Moscow,  1942;  Mod- 
ford  R.  D. ,  Ball  F.A. ,  Exhaust  Valve  Life,  Henry  Wiggin  Comp.  Limited, 
1955/195 6. 

F.  F.  Khimushin 


VANADIUM  V-  chemical  element  of  the  5th  group  in  Mendeleyev* s 
periodic  system,  atomic  number  23,  atomic  weight  50*95.  Naturally  oc¬ 
curring  vanadium  consists  of  two  isotopes:  (99-75%)  and  V^®  (0.25#)* 

Radioactive  vanadium  isotopes  have  been  obtained  artificially;  the  more 

|iO 

important  of  them  is  V  (ti/2  =  ^  day8)*  Vanadium  is  most  extensively 
used  in  the  industry  as  an  alloying  element  in  the  fabrication  of  hi*jh- 
quality  special  steels.  Its  prevalence  in  the  earth's  crust  is  the  same 
as  copper,  chrome  and  nickel  and  comprises  0.015#  by  weight.  The  vanad¬ 
ium  industry  of  the  USSR  is  based  primarily  on  titanium-magnetite  iron 
ore  deposits  and  disposes  of  a  powerful  raw-materials  base.  At  the  pres¬ 
ent  time  about  90#  of  vanadium  is  used  in  the  form  of  ferrous  alloys, 
about  7#  is  used  in  the  form  of  chemical  compounds  (catalysts,  dyes, 
chemical  poisons),  and  the  balance  is  used  for  alloys  on  different 
bases  (aluminum,  titanium,  niobium).  As  a  component  of  titanium  alloys 
vanadium  is  used  in  aviation  and  rocket  technology.  The  use  of  pure 
vanadium  and  alloys  based  on  it  is  limited  primarily  to  research  work 
in  aviation,  nuclear  engineering,  chemical  industry,  etc.  A  serious  li¬ 
mitation  on  the  use  of  vanadium  (especially  in  an  oxidizing  atmosphere) 
is  the  lower  melting  temperature  of  its  pentoxide  and  the  toxicity  of 
vanadium  and  its  compounds.  Prospects  exist  for  the  use  of  vanadium  as 
a  material  of  construction  at  high  temperatures  (300-600°). 

Production  Process  Properties  of  vanadium  depend  on  the  content  of 
admixtures,  primarily  gases,  and  also  on  the  structure  and  quality  of 
the  casting.  Pure  vanadium  (99*9#)  is  extremely  plastic  and  easily  work¬ 
ed  by  all  the  known  methods:  forging,  rolling,  stamping,  pressing,  ma- 
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chining  (similar  to  copper)  and  welding  in  an  inert  atmosphere.  The 
forging  temperature  of  vanadium  lies  in  the  interval  between  1000-1450°. 
Nonalloyed  vanadium  is  cold-rolled,  the  need  for  intermediate  annealing 
and  its  frequency  is  primarily  determined  by  the  structure  rather  than 
by  reduced  plasticity.  Thin-walled  tubes  can  be  obtained  from  vanadium. 
Vanadium  products  \re  etched  in  a  water  solution  of  30#  HN0.,  and  3#  KF. 
Hydrogen  brittleness  appears  here  which  is  easily  eliminated  by  vacuum 
annealing  at  1000°.  Vanadium  can  be  protected  from  oxidizing  by  gal¬ 
vanic  coatings;  the  best  results  are  obtained  by  nickel  plating.  Vanad¬ 
ium  is  arc-welded  in  an  inert  atmosphere;  annealing  after  welding  is 


not  required. 


Main  Physical  Properties 

Cross  section  for  capture  of  thermal  neutrons  . 

First  ionizati on  potential  . 

Crystalli  o  lattice . . . 

Crystal  lattice  parameter . . 

70  at  20° . . . . . 


Vapor  pressure  in  the  temperature  intervtl 
20-1900° 


Specific  heat  (298-1900°K) 


X  at  100°  . 

X  at  500°  . 

p  at  20°  . 

Temperature  coefficient  of  electrical  resisti¬ 
vity  (0.200°)  . 

Work  function  of  electrons  . 


Photoelectric  threshold 
Hall's  coefficient  . 


4. 7  ±  0. 2  barns 
6.71  ev 

body-centered  cubic 
3-0282  A 
6.11  g/cm3 
1900  ±  25° 

3400° 

lg  p  =  -0. 112  x 

X  10~3  T  +  10,815  (T 
is  the  temperature  in 
°7.,  £  is  the  pressure 
in  mm  of  Hg) 
cp  =  5.40  +  2.00*10~3T 
cal/mole*  °C 
0. 074  cal/cm*  sec*  °C 
0. 088  cal/cm*  sec*  °C 
24.  8  micro-ohm*  cm 

5. 03°K 
3.79  ev 
326 


less  than  10" 
/amp* erg 


w*  cm/ 
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1.5  volts 
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Standard  electrode  potential  (V2*)  ....... 

Compressibility  under  a  pressure  of  10,000 

kg/cm2 . . . . 

4 . . . 

E . . . . 

Shear  modulus  G . . . , 

Magnetic  susceptibility  at  25°  . , 

at  1700°  . . . 


VpA0  -  0.99417 
o.  36 

13,869  kg/mm2 

4730  kg/mm2 
5. 10“6  electromagnet¬ 
ic  units/g 

4. 57* 10“8  electrooag- 
netic  units/g 


The  mechanical  properties  depend  to  a  large  extent  on  the  content 
of  admixtures,  primarily,  nonmetallic.  The  hardness  of  vanadium  serves 
as  a  measure  of  its  purity  (Table  1).  Addition  of  up  to  0.25 %  of  carbon 
does  not  increase  the  hardness  and  does  not  substantially  effect  the 
plasticity.  The  oxygen  and  nitrogen  content  effects  the  strength  and 
plasticity;  here  the  total  limiting  quantity  of  oxygen  and  nitrogen  for 

TABLE  1 

Effect  of  Admixtures  on  the 
Mechanical  Properties  of 
Vanadium 


Coaepw.HHe  . 
nimxece*  (%)  X 

- 

2  4 

“71 
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1  C 

1  <%> 

0.012 

0.0u8 

1 

22.1 

17 

75 

84 

0.08 

0.04 

1  0.05 

38.5 

32 

72 

150 

0.0(4 

0,0(118 

1  0.224 

— 

— 

100 

0.1 

0.05 

o.ot 

48.2 

38 

82 

172 

0.09 

0,07 

0.1 

52.2 

26 

88 

183 

0.033 

0.7 

— 

— 

_ 

431 

0,18 

0.10 

0.12 

28 

0 

0 

0.09 

0.08 

0.25 

58,7 

10 

25 

1)  Content  of  admixtures;  2) 

(kg/mm2). 


which  plasticity  is  retained  is,  according  to  certain  authors,  0. 2%. 

Plastic  vanadium  retains  its  strength  when  heated  to  400-450*  (lia¬ 
ble  2);  the  increase  in  the  yield  limit  as  the  temperature  rises  at¬ 
tests  to  the  presence  of  aging  which  is  due  to  admixtures  contained  in 
the  metal.  Vanadium  is  werk-hardened  (Figs.  1,  2);  annealing  following 
the  shaping  operation  results  in  reducing  the  hardness  and  increasing 
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the  grain  size  (Pig.  3). 


Pig.  1.  Effect  of  cold  working  on  the  hardness  of  annealed  vanadium 
iodide.  1)  Degree  of  compression  in  cold  working,  %, 

TABLE  2 

Properties  of  Vanadium 
Annealed  at  1000°  as  a 
Function  of  the  Temper¬ 
ature 


T«n-p» 

MCniJTMIIHR 

CO  1 

ab  (>:•  mm-) 

O 

«<%) 

-195 

108,1 

3,4 

-98 

65,3 

1,8 

27 

42,43 

1  .,2 

227 

35,2 

j  ,  7 

427 

46.2 

12,6 

627 

17.6 

36.0 

827 

8.5 

17,9 

1027 

5.4 

37,2 

1227 

3.4 

48.  1 

1)  Testing  temperature 
(^C)j  2)  (kg/mm2). 


Chemical  properties.  Water,  water  solutions  of  alkalies  and  of 
hydrochloric  acid  do  not  effect  vanadium;  hydrofluoric,  concentrated 


3 


5  Xondf  d»*o, owuu.  X 

Pig.  2.  Increase  in  the  strength  of  vanadium  by  cold- rolling.  1)  ob  and 
Oq  2>  kg/®®2*  2)  according  to  Kintzel;  3)  according  to  Rostoker  et  al; 
4)  according  to  Nash  et  al;  5)  cold  shaping  %, 

sulfuric  (hot),  perchloric  and  nitric  acids,  as  well  as  aqua  regia  dis¬ 
solve  vanadium.  Molted  alkalies  potash,  saltpeter  dissolve  vanadium 
with  the  attendant  formation  of  vanadic  salts.  The  action  of  diluted 
acids  and  salts  at  various  temperatures  is  shown  in  Table  3,  and  the 
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effect  of  molten  metals  is  shown  in  Table  4.  When  heated,  vanadium  in¬ 
teracts  with  hydrogen,  oxygen,  nitrogen,  chlorine,  sulfur  and  carbon. 


TABLE  3 

Corrosion  Resistance  of  Va¬ 
nadium  in  Acid  and  Salt  So¬ 
lution 


Cpc.m,  yc.ioHim  ^ 

Cnopoctb  Koppo* 
8HH  (nnrcpfl 

2  B  BfCf) 

XH/mKU 

io\,  MCI,  70*.  Aapnimn  3f 

36 

20%  11CI,  70°,  aapaim*  .4 

220-330 

2u%  MCI.  70°,  npoCyjikmi- 

Bamte  aaoTOM  . 5 

274-720 

37%  lir.l,Homi»TH*n  rejtn-pr, 

6<m  aapaiuiH  ••••&••• 

I  ft*/.  II.SO,,  70*.  »»p»iTn»u7: 
10%  HjSO, ,  Kmicime  .  .o'. 
10%  IIiSO,.  njiofiynbKHMime 

n.ioroM  .  . . .Q  • 

5%  FeCI„  (0%  N*C1.  KtjM- 
usTiinR  reinn-pa  .  .  tQ  .  . 
2u%  NaCI,  onpHCKMa^nle  ^ 

n  |>OMUQ]JI.  OTMOCIpCpa  • 


100-1*0 
00-J* 
140  —  1*0 


,0000—3100 

lie  oniihmct 

ajIHfVHPR 

■j  h  lleK-poe  paav 
eaaime 


ia 


1)  Medium  and  conditions;  2)  decimeter-day;  3)  10#  HC1,  70°,  aeration; 

4)  20#  HC1,  70°,  aeration;  5)  20#  HC1,  70°,  bubbling  through  with  nitro¬ 
gen;  37#  HC1,  room  temperature,  without  aeration;  7)  10#  HgSO^,  70°, 
aeration;  8)  10#  H^O^,  boiling;  9)  10#  HgSO^,  bubbling  through  with 
nitrogen;  10)  5#  FeCl^,  10#  NaCI,  room  temperature;  11)  20#  NaCI, 
sprinkling;  12)  has  no  effect;  13)  industrial  atmosphere;  14)  some  pit¬ 
ting. 


Hydrogen  is  absorbed  by  the  metal  up  to  300°  in  amounts  of  up  to  157 
cmVg  with  attendant  formation  of  the  hydride,  but  decomposes  easily 
when  heated  in  a  vacuum  to  900°.  Vanadium  is  an  excellent  getter  for 
nitrogen,  for  which  reason  it  is  enriched  by  nitrogen  when  in  leaking 
furnaces.  At  temperatures  below  675°  vanadium  is  covered  by  a  dense 
film  which  clings  closely  to  the  metal  and  protects  it  from  rapid  oxi¬ 
dation.  Above  675°  vanadium  does  not  have  self-protection  against  oxi¬ 
dation  (Tables  5  and  6). 
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fig*  3»  EffectpOf  the  annealing  temperature  on  the  hardness  and  grain 
size.  1)  kg/fom  ;  2)  hardness;  3)  grain  size;  4)  grain  size,  mm;  5)  an 
nealing  temperature,  #C. 


TABLE  4 

Corrosion  of  Vanadium  in 
Liquid  Metals 


Tean-pa 

IKaaxal  arra.w 

I1CIII4T1- 

na« 

KoppoaaouiiDH 

CTljiKOCTb 

1 

(*r>  2 

3 . 

Ilarpafl  ^ 

400 

Xopomaa  croi- 

KOCTK,  CKOpOCTh 

KODpOMB 

0.2  jurat*  •  Me ~ 

35.3%  Bl.  44.4%  Pb 

rj«H  i 

650 

Xopoana  ctoB- 

BOCTV  ftpH  CTB- 
TW^.  ic  n  MTS- 

NMI  B  TW^fMUe 

500  BBC. 

42%  Bl.  a%  n, 

16%  Sa 

650 

To  mt 

7 

42.3%  Bl.  21.3%  IB. 
24  .1%  Pb 

40.5%  81.  21.3%  in. 

C50 

.  1 

630 

• 

17.®%  Pb.  1 1  .*% So 
57.4%  Bl.  23.2%  lu. 

630 

• 

17.3%  Sc 

44.4%  Bl.  44.3%  Pb 

462 

Xopowa  cro®- 

hoctw  npa  4«na- 
tm.  acnuta- 

Nam  b  Tree  him 

loot  ate.;  aee 
otpasuo*  moe pa¬ 
ct  ear 

52%  Bl.  32%  Pb. 

10%  S» 

630 

npa  anaamn.  at- 

nuttami  b  te¬ 
ar  it  at  lOwt  aac. 

CKOpOCT.  »>f>pt>> 

am  20  at/  cjt'x 
XM0CSH 

1)  Liquid  meial:  2)  test 
temperature  (°c);  3)  corro¬ 
sion  resistance;  4)  sodium; 

5)  good  resistance,  corro-  0 
sion  rate  0.2  milllgrams/co  • 
’month;  6)  good  resistance 
under  static  tests  during 
500  hours;  7)  same  as  above; 
8)  good  resistance  in  dynamic 
tests  during  1008  hours;  the 
weight  of  the  specimens  in¬ 
creases;  9)  the  corrosion 
rate  l.i  dynamic  teste  during 
1008  hours  is  20  milligrams/ 
/cm2* month. 


UjlC 


I -6vb 


TABLE  5 

Vapor  Pressure  of  VgO^  at 
Different  Temperatures 


1  Ti-Mii-pa  (T.) 

1 

?nu 

DUO 

1000 

1  tooj 

1 

1200 

2 .  VnpyrocTi, 
nnpa 

{.»u« 

0.0337 

1  0.3070 

1.30 

a.Oij 

0,97 

1)  Temperature  (°C);  2) 
vapor  pressure  (mm  of  Hg). 


TABLE  6 


Properties  of  Vanadium  Oxides 


Oiciic- 

AmI 

Y 

(« '->*’)  2 

1 

(V.) 

j - 1 

PactaopuercH  ■) 

v,o 

3.3 

670  ! 

jllF,  IICI,  11N0„ 
mc.ioqax 

VO, 

4.3 

1967 

a<HC.10I«X 

3lNO„  HF 

V,0 

4.84 

1970 

VO 

5.23-5.76 

2000 

PasOaft-i.  KIC30TU 

JZ - 

1]  Oxides;  2)  (g/cm^);  3)  t° 
(6C);  4)  is  soluble  in;  5) 
HF,  HCi,  HNO^j  alkalies;  6) 
acids,  HNO^HF;  7)  diluted 
acids.  ^ 


Pi 


Vanadium  alloys.  Vanadium-rich  alloys  with  the  exception  of  V-U, 
V-Ti,  V-Fe,  V-Nb  and  V-Zr  have  not  been  sufficiently  studied. 

The  radius  of  the  vanadium  atom  (1.36  A)  differs  insignificantly 
from  the  atomic  radius  of  many  other  elements  (Fig.  4)  for  which  reason 


vanadium  is  an  efficient  solvent  for  the  majority  of  metallic  elements 


and,  therefore,  it  can  be  expected  that  alloys  with  it  as  a  base  will 
come  into  extensive  use  (Fig.  5).  It  should  be  noted  that  the  majority 
of  alloying  additives  highly  increases  the  hardness  of  vanadium.  Anneal¬ 
ing  of  cast  vanadium  frequently  appreciably  reduces  its  hardness  (Fig. 
6). 

Study  of  a  number  of  double  alloys  has  shown  that  vanadium  alloys 
with  an  addition  of  up  to  3-5#  of:  Zr,  Al,  Nb,  Co,  Cr  and  Si;  of  up  to 
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10$  of:  Fe,  MI,  Mn  and  Mo,  and  of  up  to  50$  of  Ti  are  forgeable.  Cer¬ 
tain  positive  effects  on  the  forgeability  of  double  alloys  is  exerted 
by  carbon,  which  prevents  the  formation  of  a  columnar  structure  when 
the  casting  cools.  The  V-Ti  and  V-Zr  alloys  are  most  plastic  (Table  7). 


Fig.  k.  Comparison  of  atomic  radii  of  vanadium  and  other  elements.  1) 
Atomic  radius  according  to  Goldschmidt,  A. 


J.Jftr— r— t—i - 1 — t—  i  - r 


Fig.  5.  Parameters  of  crystal  lattices  of  certain  solid  solutions  with 
vanadium  as  a  base.  1)  Crystal  lattice  parameter.  A;  2)  content  of  the 
second  element  in  the  solution,  atomic  $. 


TABLE  7 

Mechanical  Properties  of  the 
V-Ti  and  V-Zr  Alloys 


twpoi 

momm 

rah 

X 

•* 

<■/  — x'l 

k 

e 

F 

HY 

ft-  **») 

k 

IIWM» 

Cash 

aumra 

iM  3 

CM 

l.t 

«*.T 

• 

*  I 

3ti 

3 

1.4 

U  « 

IS  1 

31. T 

l>l 

4.W 

44  1 

:m 

TT.t 

IfJ 

>  J 

».l 

:i.» 

T«.4 

!»• 

It 

IU 

u.i 

U.k 

114 

1.9 

u.» 

n.i 

414 

ll» 

—  6 

IT  . 

u.  i 

:».4 

IM 

1 

3 

5 


Second  c 

content 

titanium 


Ingots  of  certain  (previously  mentioned)  vanadium  alloys  are  sen- 
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sitive  to  the  rate  of  shaping,  for  which  reason  smith  forging  is  pre¬ 
ceded  by  forging  in  closed  dies  to  destroy  the  cast  structure. 


Pig.  6.  Hardness  of  certain  annealed  vanadium  alloys.  1)  kg/mm  ;  2) 
content  of  alloying  element  by  weight,  %. 


Vanadium-based  alloys  demonstrate  valuable  mechanical  properties 
at  high  temperatures  (500-700*).  For  example,  alloys  of  vanadium  with 
5-20g  of  Ti  combine  low- temperature  strength  and  high  plasticity  with 
high  strength  at  high  temperatures  and  low  rate  of  creep.  Sheets  of 

X  f  mm  % 


Fig.  7.  Constitution  diagram  for  the  vanadium- uranium  system.  1)  Weight 
content  of  vanadium,  £;  2)  liquid;  3)  liquid  +  X;  4)  liquid  +  0;  5) 
temperature,  *C;  6)  atomic  content  of  vanadium,  %. 
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this  metal  are  easily  welded.  To  improve  the  heat  resistance  of  vana¬ 
dium,  attempts  are  made  10  Introduce  alloying  elements  which  increase 

fc—  M  t  1 


2  cm  X 


Fig .  8.  Constitution  diagram  for  the  vanadium- titanium  system.  1)  Tem¬ 
perature,  *C;  2)  weight  content  of  titanium,  %. 


Fig.  9.  Constitution  diagram  for  the  vanadium-zirconium  system.  1)  Tern 
perature,  °C;  2)  weight  content  of  zirconium,  %. 


Fig.  10.  Constitution  diagram  of  the  vanadium-niobium  system.  1)  Tem¬ 
perature,  *C;  2)  weight  content  of  niobium, 


Fig.  11.  Constitution  diagram  of  the  vanadium-iron  system;  1)  Atomic 
content  of  vanadium,  %;  2)  temperature,  *C;  3}  liquid;  U)  a  ♦  liquid; 
5)  Curie  point;  6)  temperature,  *F;  7)  weight  content  of  vanadium,  %. 
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the  melting  temperature  of  vanadium  pentoxide  and  use  is  made  of  sur¬ 
face  saturation  or  electroplating.  Positive  results  are  obtained  from 
nickel  plating.  For  certain  constitution  diagrams,  see  Figs.  7-15. 


Fig.  12.  Constitution  diagram  of  the  vanadium-aluminum  system,  1)  Tem¬ 
perature,  °C;  2)  weight  content  of  aluminum, 


Fig.  13-  Constitution  diagram  for  the  vanadium-carbon  system.  1)  Tem¬ 
perature,  °C;  2)  weight  content  of  carbon,  %. 


Fig.  I-'.  Constitution  diagram  of  the  vanadium-oxygen  system.  1)  Temper¬ 
ature,  *C;  2)  weight  content  of  oxygen,  %, 
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1  Cod*c  +  a«**  c*om*  % 


Fig.  15.  Constitution  diagram  of  the  vanadium-nickel  system.  1)  Atomic 
content  of  nickel,  #;  2)  temperature,  °C;  3)  liquid;  4)  a  +  liquid;  3) 
a  +  liquid;  6)  temperature,  %F;  7)  atomic  content  of  vanadium, 

References:  Yademye  reaktory  [Nuclear  Reactors],  translated  from 
English,  Vol.  3,  Moscow,  1956  (Materials  of  the  Atomic  Energy  Commis¬ 
sion  of  the  USA);  W.  Rcstoker,  Metallurgy  of  Vanadium,  translation  from 
English,  Moscow,  1959;  Polyakov,  A. Yu. ,  Csnovy  metallurgii  vanadiya 
[ Fundament al&  of  Vanadium  Metallurgy],  Moscow,  1959;  Rare  Metals  Hand¬ 
book,  ed.  by  C.A.  Hampel,  2  ed.  L. ,  1961. 

V. A.  Sinel'nikova 
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VANADIUM  ALLOYS  —  see  Vanadium. 
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VARNISHED  ELECTRIC  INSULATION  CLOTH  is  cloth  which  is  impregnated 
with  special  lacquers  which  form  on  the  surface  of  the  cloth  a  thin 
elastic  film  which  has  high  dielectric  properties.  This  cloth  is  used 
as  electric  insulating  material  (for  insulation  of  armature  windings 
and  excitor  windings,  stators,  connections  and  lead  ends,  casings,  in¬ 
ter-lamina,  inter-phase  and  slot  insulation,  etc.).  These  cloths  are 
prepared  from  cotton,  silk  (natural  and  artificial)  and  glass  cloths, 
and  also  from  the  cloths  made  from  the  synthetic  fibers  (polyamide, 
polyethylene  terephthallc,  polyacryl  nitrile,  etc.).  As  the  impregnat¬ 
ing  compositions,  use  is  made  of  the  bituminous -butyric  lacquers  and 
the  lacquers  made  from  the  synthetic  resins  (polyurethane,  polyester, 
epoxy,  acrylic,  polytetrafluorethylene,  silicone,  etc.).  In  the  USSR 
the  varnished  electric  Insulation  cloth  is  produced  Ir.  the  form  of 
strip  wound  into  rolls  or  tape  In  roll  form.  The  strips  are  cut  length¬ 
wise  or  at  an  angle  to  the  warp  threads,  the  latter  are  termed  diagonal 
varnished  cloths. 

The  cotton  fabrics  are  Impregnated  with  butyric  (clear  varnished 
electric  Insulation  fabric)  and  bituminous -butyric  lacquers  (dark 
fabric).  With  regard  to  heat  resistance,  these  fabrics  fall  in  class  A. 
The  thicknesses  are  0.10;  0.12;  0.15;  0-17;  0.20  and  0.24  mm;  the  clear 
fabrics  are  also  produced  in  0.30  mm  thickness.  The  tensile  strength  in 
the  war,p  direction  is  3* 5-6*0,  In  the  fill  direction  it  is  2. 5-4. 5,  and 
in  the  diagonal  direction  it  is  2. 0-5.0  kg/mm2;  the  relative  breaking 
elongation  is  respectively  2. 5-6.0,  10-20  and  20-45#.  The  electrical 
strength  Epr  of  the  clear  cotton  varnished  electric  insulation  cloth  at 
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20  ±5°  Is  35-55  kv/mm;  the  volumetric  resistivity  py  is  10^-10^  ohm- 
cm.  After  moistening  for  24  hours  with  relative  humidity  of  the  air  of 
95±3#  the  Epr  diminishes  to  15-40  kv/mm;  py  decreases  to  iO^-1011  ohm- 
cm.  At  105°  Epr  is  25-45  kv/mm;  py  is  10?-10  ohm-cm.  Continued  heat¬ 
ing  leads  first  to  an  Increase  of  the  electrical  strength  and  then  to  a 
gradual  reduction  of  the  electrical  strength  and  an  increase  of  the 
stiffness  of  the  material,  for  example,  Epr  at  the  bend  location  in  the 
varnished  cloth  subjected  to  aging  at  105°  for  18  hours  diminishes  by 
25-70  percent. 

The  dark  cotton  varnished  cloths  are  characterized  by  higher  elec¬ 
trical  characteristics  and  higher  moisture  resistance  as  well  as  lower 
dielectric  losses,  particularly  at  elevated  temperature.  Therefore, 
they  are  used  primarily  for  the  insulation  of  high-voltage  electrical 
machines.  The  Epr  for  these  materials  at  20±5°  is  40-60,  at  105°  it  is 
35-50,  after  moistening  for  24  hours  with  an  air  relative  humidity  of 
95±3#  it  is  20-45  kv/mm;  py  is  respectively  lO^^-lO1^  ohm-cm,  1011-1012 
ohm-cm,  and  1010-1012  ohm-cm.  The  tangent  of  the  dielectric  loss  angle 
is  equal  to  0.03-0.05. 

The  clear  cotton  varnished  insulation  cloths  have  the  highest  gas¬ 
oline  and  oil  resistance.  The  dark  materials  are  not  oil  resistant  and 
are  not  used  in  machines,  apparatus  or  other  devices  subjected  to  the 
action  of  mineral  oils  and  solvents. 

The  silk  varnished  electric  insulation  cloths  are  natural  silk  or 
kapron  fabrics  impregnated  with  butyric  lacquers  or  by  lacquers  made 
from  the  polyester  resins.  With  regard  to  heat  resistance  they  are  in 
class  A.  They  differ  from  the  cotton  Insulation  cloths  in  having  con¬ 
siderably  less  thickness,  improved  dielectric  characteristics  and 
higher  breaking  elongation  in  the  warp  and  diagonal  directions.  They 
are  widely  used  when  the  requirements  demand  a  thin  insulating  layer 
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with  high  values  of  the  breakdown  voltage.  They  come  in  thicknesses  of 
0.04;  0.05;  0.06;  0.08;  0.10;  0.12  and  0.15  nun.  The  tensile  strengths 
in  the  warp,  fill  and  diagonal  directions  respectively  are  2. 2-3. 8,  1.8 

p 

3.5  and  2. 0-3. 8  kg/mm  .  The  relative  breaking  elongation  of  the  natural 

and  kapron  fabric  in  the  warp  and  fill  directions  respectively  is  6-10# 

and  25#,  the  elongation  in  the  diagonal  direction  is  30-50#  and  55#. 

The  E  for  the  silk  varnished  cloths  of  0.04-0.06  mm  thickness  does 
pr 

not  exceed  15-40  kv/mm  and  for  a  thickness  of  0.08-0.15  mm  does  not  ex¬ 
ceed  60-90  kv/mm;  p  is  10^-5.  lO1^  ohm-cm;  at  105°  E  is  35-60  kv/mm, 

v  r'* 

pv  is  1010-10n  ohm-cm. 

The  low  hygroscopic ity  of  the  silk  materials  (water  absorption  af¬ 
ter  24  hours  of  the  silk  materials  is  3 • 5-5-0$>  for  the  clear  cotton 
materials  it  is  4. 0-7-0#)  leads  to  less  reduction  of  the  electrical 
characteristics  with  moistening.  Thus,  with  moistening  of  specimens 

0.08-0.15  mm  thick  for  24  hours  with  relative  humidity  of  the  air  of 

10  12 

95  ±  3#,  E  is  reduced  to  25-50  kv/mm,  pv  to  5*10  -10  ohm-cm. 

The  glass  varnished  insulating  cloths  are  fabricated  from  alkaline- 
free  glass  fabrics.  The  following  types  are  produced  (see  Table). 

In  its  properties  the  LSM  glass  insulating  cloth  is  close  to  the 
clear  cotton  cloth;  it  is  used  for  the  same  purposes.  The  black  LSB 
glass  cloth,  just  as  the  black  cotton  cloth,  has  inadequate  oil  and 
gasoline  resistance  but  does  have  high  heat  and  moisture  resistance. 

The  LSE  glass  cloth  falls  in  the  rubber-glass  varnished  cloth  group;  as 
a  result  of  its  high  elasticity  the  electrical  strength  diminishes  lit¬ 
tle  with  stretching  and  bending;  It  is  relatively  rapidly  oxidized  by 
atmospheric  oxygen  (ages).  Of  all  the  electrical  insulation  cloths,  the 
silicone  glass  cloth  LSK  has  the  highest  heat  resistance.  The  impreg¬ 
nating  compositions  based  on  the  polyorganoslloxanes  provide  for  low 
variation  of  the  electrical  characteristics  as  a  function  of  the  action 
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if  elevated  temperature  and  humid  medium.  The  type  LSKL  glass  cloth  la 
adhesive,  thanks  to  which  a  good  strength  of  the  bond  between  the  Indi¬ 
vidual  layers  of  the  Insulation  Is  achieved.  Its  electrical  properties 
Increase  considerably  afte.  thermal  treatment  at  180°.  This  gjass  cloth 
is  used  as  winding  Insulation  (turbogenerators),  and  for  Insulating  any 


Characteristics  of  the  Olass  Varnished  Insulating  Cloths 
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l)  Type;  2)  Impregnating  composition;  3)  heat  resistance 
class;  4)  c.olur;  5)  nominal  thickness  (mm);  6)  electri¬ 
cal  strength  (kv/min);  7)  at  20  ♦  5°;  8)  at  elevated  tem¬ 
perature;  9)  after  moistening  for  24  hours  with  relative 
humidity  of  the  air  95  f  'i%>  10)  volumetric  resistivity 
(ohm-cm);  11)  L3M  butyric  lacquer;  12)  LSE  eskaoon-ba-.e 
lacquer;  13)  LSB  alkyd-bttumen-butyrlc  lacquer;  14)  LSK 
silicone  lacquer;  15;  LSKR  solution  of  silicone  rubber; 
16)  LSKL  silicone  lacquer;  17)  yellow;  18)  dark  brown; 
19)  black;  20)  light  yellow;  21)  same. 


electrical  machinery  parts.  It  Is  produced  In  rolls  of  widths  10,  15, 
SO,  .15  and  30  mm. 


Hit-  =nslle  strength  of  the  glass  varnished  cloths  Is;  along  the 
woi'i  ."-jo,  along  the  fill  3-5-14.0,  and  along  uhe  diagonal  5.0-ip.O 
inm  .  He. 'alive  breaking  el  01  -,at  lull  In  the  warp  direction  Is  4-7$,  In 
tot  diagonal  direction  It  1  35-50)8. 

Hcforuioes:  .ipruvi  chi, Ik  po  olekt  rot  c  khnlehesk  In.  muterlalim 
i  1'  ■  -  "it"  ■  .0  K...  itrtc-jl  Motor!-;  I  ■  |  ,  V.i.  I.  it.  1,  K.  -1  .  ,  l  /,rdei>- 

1'.,.'.  .  h  .  ,  'd  ul.,  N*  vyyi  t  lekti-ol  .-.oiyut  ,,  1  ohnyye  mill  -rlaly  (Now  Kit-  - 

1  .'!  •  !  1. -i.i.1  at  1  •  >i  M  ito'i't.'i  I ..  .  ,  M.  ,  1  «■  I  . 


M.B.  Kivinberg 
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VENEER  —  is  a  flat  sheet  obtained  by  shelling,  shaping  or  sawing 
wood.  Shelled  veneer  Is  the  raw  material  used  for  the  proauction  of 
plywood,  multilayer  wood  plastics,  glued  and  bent  objects,  plywood 
pipes  and  barrels.  Veneer  is  made  mainly  of  birch  and  alder,  rarely  of 
beech  and  pine;  the  thickness  is  0.55-4.7  mm,  the  width  15C-1600  mm 
and  the  length  750-1900  mm.  The  length  of  the  veneer  sheet  is  measured 
across  the  grain.  The  standards  of  the  admissibl3  defects  of  the  wood 
and  of  the  manufacture  are  fixed  by  GOST.  The  mechanical  properties  of 
birch  veneer  at  9#  moisture  are  quoted  in  the  Table. 
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1)  Thickness  (mm);  2)  tensile  strength  (kg/cm  );  3)  modulus  of  elasti¬ 
city  on  drawing  (kg/cm2);  4)  along  the  grain;  5)  at  an  angle  of  45°; 

6)  across  the  grain. 

Storage-battery  veneers  are  made  of  alder  or  Siberian  ceder  and 
are  used  in  the  dividing  walls  of  lead  storage  batteries.  Depending  on 
the  manner  of  manufacture,  the  storage-battery  veneer  is  divided  into 
riffled  and  smooth  veneer,  the  former  having  ribs  along  the  grain.  Ven 
eer  obtained  by  shaping  or  sawing  is  used  as  a  facii^  material  for 
wooden  objects.  Shaped  veneer  is  made  of  oak,  beech,  nut,  ~aple,  pla¬ 
tan,  elm,  karagach-elm,  chestnut,  plane,  Amur  cwrk  tree,  pear,  spple, 
poplar,  cherry,  acacia  and  other  trees.  The  dimensions  of  shaped  ven- 
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eer  are:  100  mm  and  longer,  0.8-1. 5  nun  thick,  100-250  mm  wide. 

References :  Lebedev,  V.S.,  Fanernoye  proizvodstvo  [Veneer  Manufac¬ 
ture],  Moscow -Leningrad,  1956;  Fanera  i  fanernyye  izdeliya  [Veneer  and 
Veneer  Ware],  Moscow,  1961,  pages  63-80. 

V.S.  Lebedev 
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VERDELITE  —  see  Tourmaline. 


^3^ 


VEREL  -  modified  carbon-chain  fiber  based  on  a  triple  copolymer, 
that  is,  cyanide  of  acrylic  acid,  vinylidene-chloride  and  a  monger 
which  improves  the  color  retention  of  the  fiber.  It  is  produced  in  the 
USA  as  a  staple  fiber  (!?m  el.  4500,  3000,  1800  and  1120  with  a  differ¬ 
ent  length  of  pieces);  the  cross  section  of  the  fiber  is  elongated  in 
shape.  Verel  is  noncombustible,  is  resistant  to  natural  light,  biologi¬ 
cal  effects,  to  acids,  alkalies,  bleaching  agents,  oxidizing  agents; 
the  fiber  retains  color  well  but  is  net  sufficiently  elastic.  The  spe¬ 
cific  weight  of  the  fiber  is  1-37;  moisture  absorption  under  standard 
conditions  is  3.5-4#.  Verel  becomes  charred  and  sintered  in  a  flame  (as 
a  result  of  the  hign  chlorine  content  of  the  copolymer).  When  held  for 
30  weeks  in  open  air  its  strength  does  not  change;  after  50  weeks  the 
strength  losses  comprise  45#.  Verel  is  dyed  by  neutral,  mordant,  dis¬ 
persion  and  basic  dyes.  Shrinking  in  boiling  water  comprises  1-3#;  at 
110°  it  is  2-5#;  shrinking  can  be  increased  to  9-11#  and  15-17#  (Verel- 

I  for  obtaining  artificial  fur),  and  also  to  19-23#  and  25-28#  (Verel- 

II  for  the  production  of  high-volume  cloth).  The  breaking  strength  of 
Verel  is  22.5-25.2  km  [sic];  the  elongation  is  33-35#.  The  initial 

p 

modulus  of  the  fiber  comprises  4.93  kg/W  .  The  elasticity  (reversible 
deformations)  in  4#  elongation  comprises  88#,  in  10#  it  is  only  55#. 
Verel  is  used  for  the  production  of  filtering  materials,  protective 
work  clothing,  sport  clothing,  etc.  Addition  of  30-50#  of  Verel  to  cot¬ 
ton  or  wool  appreciably  improves  the  stability  of  the  shape  of  the  pro¬ 
ducts  thus  obtained. 


L. M.  Muslchenko-Vasll ' yeva 


VERKICUUTE  -  a  micaceous  mineral  with  a  composition  (Mg,  FV*)^ 
[(Si,  A1)^010J(0H)2  x  41^0.  It  crystallizes  in  a  monoclinical  system, 
forma  lamellar  aggregates  or  large  gold-brown  colored  lamellar  crystals. 
Specific  weight  2. 4-2. 7;  Mohs  hardness  1-1.5;  perfect  cleavability 
along  the  (001)  [plane].  Indices  of  refraction  Ng  =  Nm  =  1.580;  Np  = 

1. 56O;  vermiculite  has  a  high  tendency  to  cation  exchange  (150-170  mg/ 
/equivalent  per  100  grams),  which  exceeds  the  exchange  capacity  of  the 
best  bentonites  by  almost  a  factor  of  two.  Compression  strength  is  1.0- 
1. 5  tons/cm  ;  powder  vermiculite  does  not  rub  off  and  its  lubricating 
properties  are  similar  to  those  of  graphite.  Decomposes  In  acids  ac 
room  temperature,  is  stable  in  alkalis.  When  fired  it  swells  In  a  di¬ 
rection  perpendicular  to  the  cleavage  planes  and  its  voluem  Increases 
by  a  factor  of  30-40.  Swelling  starts  at  160-170)  and  rises  highly 
after  200).  When  fired,  minute  air  layers  are  formed  between  the  lamel¬ 
lae,  which  are  responsible  for  its  low  specific  weight  and  high  thermal 
and  sound  insulating  properties.  In  industry  the  term  vermiculite  is 
usually  used  to  denote  not  only  the  vermiculite  mineral  proper,  but 
also  its  mixtures  with  varieties  of  magnesium- iron  micas  hydrated  to 
different  degrees  (hydrobiotite,  hydrophlogopite),  which  are  not  so 
highly  apt  to  swell  on  heating.  Vermiculite  is  swelled  in  furnaces  at 
800-900).  Blown-up  vermiculite  has  a  low  specif i.  vei^it  (b0-150  kg/m^) 
and  hign  thermal,  heat  and  sound  Insulating  properties.  Large  fractions 
(12.7-6.4  mm)  of  blown-up  vermiculite  have  a  lower  specific  weight  (60 
fcg/m^)  than  the  finer  fractions  (0.8  mm  ~  1*4  icg/m^).  The  thermal  con¬ 
ductivity  coefficient  of  blown-up  vermiculite  changes  as  follows,  de- 
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pending  on  the  temperature:  0®  —  0.0 U,  20*  —  0.0^5*  250 

-  0.066,  500°  -  0.096  kcal/n*  hour*  *C.  The  coarao -grained  and  lighter 
kinds  of  blown-up  vermiculite  have  better  heat  insulating  properties  c.t 
temperatures  below  90*,  while  the  fine  and  dense  kinds  have  better  heat 
insulating  properties  at  higher  tamper?turef ,  The  sound  conductivity 
coefficient  is  0.0210.08  (in  decibels  17-11),  only  slightly  lower  than 
that  of  cork.  The  melting  temperature  of  vermiculite  is  1370-139C*.  The 
hygroscopic ity  of  blovn-up  vermiculite  (in  air  whose  relative  humidity 
is  7958)  comprises  1 %.  The  dielectric  properties  of  vermiculite  are  not 
too  good  and  it  is  not  used  as  a  dielectric.  Blown-up  vermiculite  is 
chemically  inert,  has  no  smell  an?  is  biologically  stable.  Pired  vermi¬ 
culite  crumbs  should  have  a  low  specific  weight,  certain  fraction  size 
and  a  low  brittleness,  which  are  responsible  for  the  low  thermal  con¬ 
ductivity  coefficient,  high  sound-absorption  capacity,  etc.  The  use  of 
vermiculite  in  the  form  of  crumbs  and  powder  is  based  primarily  on  the 
physical  properties  of  blown-up  vermiculite  which  are:  high  thermal  re¬ 
sistance,  low  sound  and  thermal  conductivity,  low  specific  weight, 
lamellar  structure  and  high  cation  exchange  capacity.  Vermiculite  Is 
used  In  construction  as  a  super-light  filler  for  concretes;  in  the  pro¬ 
duction  of  heat  and  sound  insulating  heat-resistant  materials  (cements, 
fillers,  plasters,  slabs,  blocks,  etc.)  in  the  construction  of  refriger¬ 
ators  and  power  generating  stations,  etc.;  in  ceramics  for  obtaining 
light-weight  articles;  as  a  filler  in  rubber,  plastics,  dye  stuffs;  In 
the  production  of  lubricants  which  are  equivalent  In  value  of  graphite 
lubricants,  and  of  antifriction  materials;  as  a  carrier  of  insecticides, 
herbicides  and  catallzers  in  the  chemical  industry;  for  Improving  the 
structure  of  soils,  in  the  production  of  wall  coverings  and  linoleum 
(instead  of  cork);  as  a  water  softener  (as  permutite);  In  the  atomic 
industry  for  recovery  of  uranium  and  the  radioactive  isotopes  of  Zr,  Sr, 
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Ru,  Cs  and  Ce  from  the  waste  water;  in  the  production  of  special  fil¬ 
ters;  in  storage  of  fruits  as  a  packing,  biologically  stable  nonhygro- 
scopic  material;  in  the  drilling  of  oil  wells,  and  also  for  other  pur¬ 
poses.  The  industry  uses  practically  all  kinds  of  blown-up  vermlculite. 

References:  Betekhtih,  A. G.  Mineralogiya  [Mineralogy],  Moscow, 

1950;  Trebovaniya  promyshlennosti  k  kachestve  mineral' nogo  syr'ya  [In¬ 
dustrial  Requirements  to  the  Quality  of  Mineral  Raw  Materials],  Issue 
60  -  Zubarev,  N.  N. ,  Vermikulit  [Vermlculite],  Moscow-Leningrad,  1948; 
Kal'yanov,  N.  N.  Vermikulit  -  effektivnyi  teploizolyatsionnyi  material 
[Vermlculite  as  an  Efficient  Heat  Insulating  Material],  "SM, "  No.  2, 
1959i  Kovel' man,  I. A.  Vermikulit  i  yego  primeneniya  v  stroitel'stve  za 
rubezhom  [Vermlculite  and  its  Application  in  Construction  Abroad],  "By- 
uleten'  stroitel'noi  tekhniki"  [Bulletin  of  Building  Technology],  No.  9, 
pages  45-48,  1956;  Nikol'skiy,  G.  G. ,  Ehden,  V  M.  and  Pozhnin,  A. P.  Is- 
sledovaniya  kol'skogo  ve^.iikulita  [Studies  of  Vermlculite  Occurring  in 
the  Kola  Peninsula],  in  the  book:  XVI  nauchnaya  konferentsiya  LISI  [The 
16th  Scientific  Conference  of  the  Leningrad  "Order  of  the  Red  Banner  of 
Labor"  Construction  fchgi nee ring  Institute].  Reports,  Leningrad,  1958, 
pages  484-87. 

V.I.  Fin’ko 
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VETRELON  -  A  synthetic  hetero-chain  modified  fiber  made  from  a 
mixed  polyamide  which  is  a  product  of  condensation  polymerization  of 
caprolactam  (30-45$)  and  salt  TG  (70-55$)*  It  is  produced  in  the  German 
Democratic  Republic;  by  its  properties  it  occupies  an  intermediate  pos¬ 
ition  between  capron  and  terylene.  Specific  weight  1.17;  moisture  ab¬ 
sorption  capacity  under  standard  conditions  5$,  t°  ^  is  245°,  the  break¬ 
ing  length  is  from  27  to  45  km.  Vetrelon  is  characterized  by  high  vol¬ 
ume  elasticity.  In  comparison  with  terylene  it  has  a  lower  specific 
weight,  better  rubbing  resistance  and  good  color  retention;  it  is  in¬ 
ferior  to  capron  and  terylene  with  respect  to  strength  and  has  a  large 
shrinkage  as  compared  with  them  (13$  in  boiling  water). 

References:  Rogovin,  Z.A.  Osnovy  khimii  i  tekhnologii  proizvodstva 
khimicheskikh  volokon  [Fundamentals  of  the  Chemistry  and  Technology  of 
the  Production  of  Chemical  Fibers],  Second  eidtion,  Moscow,  1957;  Pil- 
ler,  B.  and  Travnichek,  Z.  Sinteticheskiye  volokna  i  osobennosti  ikh 
pererabotki  v  tekstil'noi  promyshlennosti  [Synthetic  Fibers  and  Features 
of  their  Processing  by  the  Textile  Industry],  translated  from  Czechos¬ 
lovakian.  Moscow,  i960. 


E. M.  Ayzenshteyn 
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VIBRATION  INSULATING  MATERIALS  -  materials  with  a  low  modulus  of 

p 

elasticity  (E  <  1000  kg/cm  )  used  in  the  form  of  continuous  or  indivi¬ 
dual  liners  for  insulation  from  vibrations  and  noise:  air  (noise  that 
arises  in  the  atmosphere)  and  impact  (sound  which  arises  in  manufactur¬ 
ing  materials  on  impacts,  walking,  etc.).  The  following  are  used  as  vi¬ 
bration  insulating  materials:  various  kinds  of  rubber  (spongy  and  con¬ 
tinuous);  asbestos  sheet;  plates  and  mats  from  mineral  fiber  (for  ex¬ 
ample,  from  fiberglass)  cemented  by  various  binders;  elastic  materials 


TABLE  1 

Dynamic  Moduli  of  Elasticity  E~  of  Certain  Vibration 
Insulating  Materials 
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1)  Material;  2)  specific  weight  (g/cm^);  3)  thickness 
of  liner  6  (cm);  4)  specific  load  (g/cm^);  5)  modulus 
of  elasticity  ED;  6)  application;  J)  porous  rubber;  8) 
liners  placed  unuer  motors*  pumps,  instruments  which 
are  vibration- sensitive,  etc.;  9)  insulating  wood-fiber 
plate;  10)  FKhV  foam  plastic;  11)  fiberglass  plates  with 
phenol  as  a  binder;  12)  mineral  wool  mats  with  a  syn¬ 
thetic  binder;  13)  continuous  or  individual  liners  in 
various  designs  for  vibration  and  noise  insulation. 


from  plastics  (solid  or  porous);  plates  and  mats  from  organic  fibers 
(for  example,  insulating  and  half -hard  wood-fiber  plates). 

To  a  certain  approximation  a  vibration-insulating  liner  can  be  re¬ 
garded  as  a  shock  absorbing  spring.  The  rigidity  of  such  a  spring  is  de 
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fined  by  the  modulus  of  elasticity  E  while  the  losses  coefficient  q  de¬ 
notes  the  loss  of  vibration  energy  due  to  friction,  that  is,  the  damp¬ 
ing  of  the  vibrations.  Vibration  insulation  of  machines  by  using  vibra¬ 
tion  insulating  materials  is  used  effectively  in  combating  vibrations 
of  structures  which  are  induced  by  operation  of  these  machines.  Vibra¬ 
tion  insulation  decreases  appreciably  the  transfer  lo  one  supporting 
structure  of  dynamic  loads  and  housing  noises  which  arise  attendant  to 
the  operation  of  machines  or  are  due  to  shocks,  and  also  eliminates  the 
detrimental  effect  of  vibrations  and  the  shaking  of  the  supporting 
structure  on  the  machines  and  instruments.  For  effective  insulation  the 


natural  frequency  of  the  system  must  be  sufficiently  low,  for  which 
reason  the  rigidity  of  vibration  insulating  materials  must  be  reduced 
to  a  minimum.  The  lower  the  rigidity  of  the  elastic  foundation,  the 
less  vibration  is  transmitted.  The  rigidity  of  the  vibration  insulating 
liner  is  directly  proportional  to  the  modulus  of  elasticity,  the  area 
of  the  liner  and  inversely  proportional  to  its  thickness.  The  dynamic 


modulus  of  elasticity  Eg  is  greater  than  the  static  modulus  Est_.  As  an 

example  the  figure  shows  graphs  of  Eg  and  Egt 
for  rubber.  For  the  majority  of  vibration  insu¬ 
lating  materials  Eg  increases  substantially 
with  an  increase  in  t-be  static  loads.  The  value 


*o  IKW)  J 


*  of  the 
moduli  of  elasti¬ 
city  of  rubber  on 
its  hardness.  1)  ^ 
Est  and  Ed*  kg/cm^; 
2)  shore  hardness. 


of  Eg  of  certain  vibration  insulating  materials 
is  different  for  different  frequencies.  The 
values  of  dynamic  moduli  of  elasticity  and  of 
the  coefficient  of  losses  for  certain  vibration 


insulating  materials  are  presented  in  Tables  1  and  2. 

The  rigidity  of  a  vibration  insulating  liner  is  reduced  if  it  is 
free  to  expand  sidewise  when  loaded.  For  example,  in  individual  cases 

the  rigidity  of  liners  from  continuous  rubber  increases  by  a  factor  of 
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8  In  constrained  compression;  hsncs  grooved  or  perforated  rubber  liners 
are  reedfcoended  for  vibration  insulation.  During  a  certain  time  inter¬ 
val  when  the  machine  is  accelerated  or  stopped  the  vibrations  pass  the 
resonance  zone.  In  the  case  when  the  time  during  which  the  machine  is 
accelerated  or  stopped  is  sufficiently  long  for  the  occurrence  of  sub¬ 
stantial  resonant  vibrations,  use  should  be  made  of  vibration  insulat¬ 
ing  liners  with  a  high  degree  of  internal  damping.  In  using  steel 

TABLE  2 

Coefficient  of  Losses  r\  of  Certain  Vibration  Insulating  Materials 


KartpsM 


2  <«•>  - 


.3bMMii»oa*M  ipmacao-ao- 

j,  aotmiens  nan* (fi» 1, 2 an)  0.(0  22S 


_  jrammui  na*ra(«»3,4cj*)  O.Ot  144 

STOwmii  pm  .......  0.12  112 

•BoMmui  aoaooaaot  0.21  114 

TKaMpMMDdl  aoftaox  iu 

arntn.  . .  0,27  71 

yllUaifosoljiofi  .  0.10  78 

|HnoinMT  nXB  .  .  £.  .  .  .  0.H  70 

• 

1)  Material;  2)  frequency  (cps);  3)  wood-fiber  insulating  plate (6  =1.2 
cm);  4)  wood-fiber  insulating  plate  (6  =  2.4  cm);  5)  spongy  rubber;  6) 
hair  felt;  7)  mineral  felt  using  a  synthetic  binder;  8)  slag  felt;  9) 
PKhV  foam  plastic. 


springs  It  must  be  kept  in  mind  that  even  when  the  wire  cross  section 
is  small,  steel  is  a  good  conductor  of  high-frequency  noise  components. 
Hence  it  is  recommended  that  springs  be  supported  on  both  sides  on  rub¬ 
ber  liners  to  insulate  them  from  the  high-frequency  noise  components. 
The  elastic  properties  of  vibration  insulating  materials  become  poorer 
with  time  (for  example,  in  the  so-called  aging  of  rubber),  hence  a  pro¬ 
vision  is  made  -in  vibration  insulating  devices  for  replacement  of 
liners. 

References:  I. I.  Prolzvodstvennyy  shum  i  bor'ba  s  nim  [Industrial 
Noise  and  its  Elimination],  Moscow,  1935;  Zaborov,  V.I.  Teoriya  zvukoi- 
zolatsll  ograzhdayushchikh  konstruktsiy  [The  Theory  of  Sound  Insulation 
of  Protective  Structures],  Moscow,  1962;  Kontyuri,  L. ,  Akustika  v 
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stroitel' stve  [Acoustics  in  Construction] ,  translated  from  the  French, 
Moscow,  I960;  Instruktsiya  po  proektirovaniyu  i  raschltu  vlbroizolatsii 
mashin  s  dinamicheckimi  nagruzkami  i  oborudovaniya  chustvitel'nogo  k 
vibratciyam  [Instructions  Concerning  the  Design  and  Calculation  of  Vi¬ 
bration  Insulation  of  Machines  Subjected  to  Dynamic  Loads  and  of  Vibra¬ 
tion-Sensitive  Equipment].  (I  204-55 /MS  FMKhP),  Moscow,  1956. 


E.M.  Lalayev 
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V1CALL0Y  -  see  Magnetically  hard  shaping  alloy. 
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VXCARA  -  see  Protein  Fiber. 
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VICKERS  HARDNESS  -  standard  physlconechanlcal  characteristic  of  a 
material,  which  determines  its  ability  to  resist  local  plastic  deforma- 
tlcn  which  Is  produced  by  statically  forcing  Into  the  specimen  or  pro* 
duct  surface  a  regular  tetrahedral  diamond  pyramid  with  a  dihedral  ver* 
tex  angle  alpha  of  136°.  The  methods  for  determining  Vickers  hardness 
are  presented  In  OOST  2999-39*  The  Vickers  hardness  (or  the  hardness 
number)  HV  Is  defined  as  the  ratio  of  the  load  P  when  making  the  Impres¬ 
sion  to  the  area  f  of  the  side  face  of  the  pyramid -shaped  indentation, 
whose  diagonal  is  measured  after  the  load  Is  removed: 

2P  tin  2- 

HV  _  l-  ~ - _.i.  -  1.8544  p  4*. 

where  d  Is  the  arithmetic  mean  of  the  diagonals  of  the  impression  (In 
mm).  The  hardness  number  has  units  (kg/mm  )  and  represents  the  mean  spe¬ 
cific  pressure  at  the  surface  of  contact  between  the  pyramid  and  pro¬ 
duct  when  the  Impression  Is  made.  Unlike  Brtnell  Hardness,  the  Vickers 
hardness  number  is  Independent  of  the  Indenting  load,  since  pyramid¬ 
shaped  Impressions  are  geometrically  similar.  For  medium  hardness  ma¬ 
terials,  approximately  up  to  HV  (or  HB)  400,  the  Vickers  and  Brlnell 
hardness  numbers  are  approximately  equal,  which  is  due  to  the  proper 
selection  of  the  value  of  the  dihedral  vertex  angle  of  the  pyramid. 

References:  Shaposhnikov,  N.A.,  Nekhanlchesklye  ispytaniya  metallov 
(Mechanical  Testing  of  Metals],  2nd  Edition,  Moscow -Leningrad,  1954. 

I.V-  Kudryatsev  and  D.H.  Shur 
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VICKERS  METHOD  -  determination  of  hardness,  primarily  of  metals, 
by  pressing  into  the  surface  of  a  specimen  or  a  product  a  diamond  in- 
denter  (tip),  which  has  the  shape  of  a  regular  tetrahedral  pyramid  with 
a  dihedral  vertex  angle  of  136®]  The  Vickers  hardness  number  (or  the 
pyramid  impression  hardness)  HV  represents  the  mean  specific  pressure 
at  the  impression  surface  (it  is  calculated  as  the  ratio  of  the  load  to 
the  lateral  surface  of  the  impression).  The  load  in  making  the  impres¬ 
sion  1b  selected  depending  on  the  thickness  and  hardness  of  the  speci¬ 
men  or  product  under  test  (5,  10,  20,  30,  50,  IOC  kg).  The  conditions 
for  hardness  tests  by  the  Vickers  method  are  established  by  the  GOST 
2999-59*  The  Vickers  hardness  is  determined  by  hardness  testers  which 
make  it  possible  to  make  pyramid- shaped  impressions  under  standard  con¬ 
ditions  and  to  measure  (with  an  accuracy  of  0.001  mm)  each  of  the  two 
diagonals  of  the  impression  by  a  rotating  head  equipped  with  a  measur¬ 
ing  microscope.  The  figure  shows  a  schematic  diagram  of  a  domestic  TP 
brand  hardness  tes-er.  When  the  pedal  is  depressed,  the  diamond  tip  is 
pressed  into  U a  surface  of  the  specimen  under  test  under  the  action  of 
the  force  exerted  by  the  changeable  weights.  The  duration  of  load  ap¬ 
plication  is  maintained  automatically  and  is  established  by  adjusting 
the  oil  damper. 


TP  Hardness.  1)  Diamond  tip;  2)  specimen  under  test;  3)  changeable 
weight;  4)  pedal;  5)  damper;  6)  rotating  head  with  a  measuring  micro¬ 
scope. 

References:  Shaposhnikov,  N.A. ,  Mekhanicheskiye  ispytaniya  metal- 
lov  [Mechanical  Testing  of  Metals],  2nd  edition,  Moscow  —  Leningrad, 
1954;  O'Neil,  G.  Hardness  of  Metals  and  Its  Measurement,  translated 
from  English,  Mcscow-Leningrad,  19^0. 


I.  v.  Kudryatsev,  D.M.  Shur 
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VINIPLAST  -  see  Polyvinyl  chloride  plastics. 
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VINIPROSE  -  a  material  obtained  by  heat  treating  a  nonplastif ied 
copolymer  of  vinyl  chloride  and  methyl  methacrylate  v/ith  added  stabil¬ 
izers  (zinc  or  lead  stearate,  etc.).  Copolymerization  v/ith  methyl  meth¬ 
acrylate  makes  the  materials  elastic  at  temperatures  lower  than  those 
required  for  elasticity  of  vinyl  polychloride.  At  a  temperature  of  -30° 
and  when  bent  by  18  0®  Viniprose  does  not  crack;  it  is  distinguished  by 
dimensional  stability  under  moisture  and  temperature  variations.  The 
industry  produces  brand  "2"  and  "transparent"  Viniprose  sheets;  the 
sheet  thickness  is  0. 25-0. 45  ram.  the  dimensions  are  ljOO  x  $-j0  nun.  The 
sheet  surface  is  mat  on  one  old : .  Properties  of  "S"  Viniprose  (TU  MKhP 
3399-52):  specific  weight  1.  Jo,  tensile  strength  not  lesr.  than  500  kg/ 
/cm  ,  relative  elongation  not  more  than  12#,  frost  resistance  net  higher 
than  -30°.  "Transparent"  Vin:::.cse  (TU  MKhP  3015-55)  is  more  elastic, 
specific  weight  1. 34-1. n,  tensile  strength  4 00  *g/emu,  sending  strength 
900  kg/cm  ,  compress:  oi.  s ; :  :»!;  t  '•  -  '  «■**.•  cm1",  r-iati  ve  elongation  20#. 
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VINYI^ON  -  synthetic  carbon-chain  fiber  made  from  polyvinyl  alcohol. 
It  is  characterized  by  high  strength,  and  hygroscopicity  (close  to  that 
of  cotton  fiber),  low  specific  weight,  high  initial  modulus  (by 'a  fac¬ 
tor  of  3-4  higher  than  that  of  polyamide  and  by  a  factor  of  1.5-2  high¬ 
er  than  that  of  polyester  fibers),  high  wear  resistance  and  high  resist¬ 
ance  to  the  action  of  chemicals  at  20°  (with  the  exception  of  concen¬ 
trated  phosphorus  and  80#  formic  acids),  sea  water  and  grease,  has  high 
thermal  and  fading  resistance,  low  thermal  conductivity  (close  to  that 
of  wool)  (for  more  details  on  properties  see  Fiber  from  Polyvinyl  Alco¬ 
hol).  It  is  used  for  fishing  nets,  ropes,  filtering  materials,  rugs, 
consumer  goods. 

Z.  A.  Zazulina 
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VINiLPYRlDIHE  LATICES  are  latloes  which  are  obtained  by  emulsion 
copolymerization  of  one  of  the  vlnylpyridines  or  alkyl vlnylpyr Id ines 
with  divlnyl  or  dlvlnyl  and  styrene;  they  are  used  for  Impregnation  of 
cord  and  to  provide  a  strong  bond  between  the  elements  of  rubber-fabric 
products  -  tires,  drive  belts,  transporter  belts,  etc. 

With  regard  to  colloidal  and  chemical  properties,  the  vinylpyri- 
dine  latices  are  basically  similar  to  the  di vinyl styrene  latices. 

Among  the  properties  of  the  polymer  we  must  note  the  satisfactory  cold 
resistance  (brittle  temperature  -40  to  -70°  depending  on  the  amount  of 
bound  styrene  and  alkylpyrldine ) ,  and  also  the  capability  of  sulfur 
vulcanization  and  interaction  with  certain  organo-haloid  compounds 
(benzylchloride ,  methyl  iodide,  etc.)  and  with  the  alkysulfates  (die¬ 
thyl  sulfate,  etc.)  with  the  formation  of  polymeric  salts  of  the  quat¬ 
ernary  pyridine  bases.  Reactions  of  the  latter  type  lead  to  considera¬ 
ble  increase  of  the  oil  and  heat  resistance  of  the  polymer.  In  compos¬ 
ing  recipes  for  the  latex  mixtures  based  on  the  vinylpyridine  latices, 
we  must  take  into  account  that  the  pyridine  groups  appearing  in  the 
composition  of  the  polymer  are  themselves  accelerators  of  the  sulfur 
vulcanization.  Compositions  containing  these  latloes  provide  maximal 
(in  comparison  with  the  other  compositions  used  in  industry)  values  of 
the  adhesion  between  various  types  of  cord  and  rubbers,  in  particular 
those  made  from  natural  rubber,  during  the  operation  of  the  products. 
This  is  explained  by  the  good  compatibility  of  the  latex  polymer  with 
the  general  purpose  rubbers  and  the  interaction  of  the  pyridine  nitro¬ 
gen  atoms  with  the  hydroxyl  groups  of  the  resin  and  with  the  polar 
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groups  of  the  vlseose  or  polyamide  cord. 

References:  Cook  P.Q. ,  Latex  natural  and  synthetic,  [L. ,  1956}; 
Reeves  L.W.,  "Rubber  World",  1955#  v.  132,  Sept.,  p.  764-65)  Tsaylin- 
gol'd  V.L. ,  et  al.,  KIR,  1959#  Ho.  3#  P*  6-9. 

A. I.  Yezriyelev,  A.V.  Lebedev 
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VINYL  SILOXANE  RUEBER  -  ir  the  product  of  hydrolysis  of  dimethyl 
dichloroslloxane  with  methyl  vinyl  dichlorosllane,  and  a  subsequent  pol- 
ycondensatlon  of  the  hydrolysate  In  the  presence  of  catalysts.  It  Is 
well  miscible  In  diverse  ratios  with  natural  rubber  and  diverse  synthet¬ 
ic  rubbers.  It  is  delivered  In  the  USSR  under  the  mark  SKTV.  Reduced 
quantities  of  benzoyl  peroxide,  the  weakly  active  peroxides  of  dlcumyl 
and  dltertlary  butyl,  and  also  sulfur  and  Its  compounds  are  used  to 
vulcanize  vinyl  slloxane  rubber.  The  technology  of  the  production  of 
vinyl  slloxane  rubbers  Is  similar  to  that  of  the  production  of  dimethyl 
slloxane  rubbers.  The  vulcanization  can  be  carried  out  at  atmospheric 
pressure.  ihe  properties  of  vulcanized  vinyl  slloxane  rubbers  depend  on 
the  proportion  of  vinyl  groups.  The  vulcanization  of  vinyl  slloxane 
rubbers  may  be  carried  out  at  reduced  temperature  which  results  In  a 
decreased  shrinkage  of  1-30  Instead  of  3-10)1  during  the  forming  of  the 
products.  The  properties  of  vinyl  slloxane  rubbers  are  given  in  Tables 
1-3 

TABLE  1 

Properties  cf  Vinyl  Slloxane  Rubbers  with  Diverse 
Proportion  of  Vinyl  G^*>ups  After  Vulcanization  by 
Dlcumyl  Peroxide 
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1)  Proportion  of  vinyl  groups  In  the  rubber  (mole-0) ; 
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2)  tensile  strength  (kg/W*);  3)  relative  elongation  {%)•,  4)  proper-  ' 
ties  after  aging;  5)  tensile  strength  (kg/om2)  after  20  da**  "  ’50*  | 
6)  tensile  strength  (kg/cmZ)  after  3  days  at  300* ;  7)  residual  defor* 
mat  ion  (J»)  after  compression  to  20%  for  24  hours  at;  8)  brittle. 


TABLE  2 

Change  in  the  Hardness  and  Elasticity 
of  Vinyl  Slloxane  Rubbers  after  Aging 
in  Absence  of  Air 
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1)  Proportion  of  vinyl  groups  in  the  rub¬ 
ber  (mole-Jf);  2)  properties  after  aging 
in  absence  of  air  at  200*  during;  3]  hours; 
4)  hardness;  5)  elasticity;  6)  total  de¬ 
gradation,  the  specimens  become  sticky. 


TABLE  3 


Properties  of  Covulcanizates  of  Butyl  Rubber  with 
Vinyl  Slloxane  Rubber 


l)  Proportion  of  rubber  (Jf);  2)  butyl  rubber:  3)  vinyl 
slloxane  rubber;  4)  tensile  strength  (kg/cm2);  5)  rela¬ 
tive  elongation  {%);  6)  tear  resistance  (kg/cm);  7) 
properties  after  aging  for  24  hours  at;  8)  brittleness 
point  (*C);  9)  powder. 


Vinyl  slloxane  rubbers  do  not  differ  from  dimethyl  slloxane  rubbers 
(with  regard  to  frostproofness,  dielectric  properties,  stability  to  sol¬ 
vents,  Intoxicity,  etc. ).  In  contrast  to  them,  however,  vinyl  slloxane 
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rubbers  have  the  following  advantages}  a  lower  plasticity  when  com- 

pressed  at  200-230*,  absence  of  deconposltion  when  heated  in  a  vacuum  ) 

at  high  temperatures,  and  a  higher  heat  resistance  In  thermal  aging. 

Vinyl  slloxane  rubbers  with  a  proportion  of  0. 07#  vinyl  groups  maintain 
their  mechanical  indices  after  aging  at  230*  for  30  days,  whereas  di¬ 
methyl  slloxane  rubbers  lose  their  elasticity  totally  after  13  days 
under  the  same  conditions.  The  main  advantage  of  vinyl  slloxane  rubbers 
is  the  absence  of  degradation  when  aged  at  high  temperatures  in  absence 
of  air. 

The  covulcanizate  of  dlvinyl  nitrile  rubber  and  vinyl  slloxane 
rubber  in  a  ratio  of  30:30  is  not  degradated  under  the  action  of  ozone 
for  8  hrs,  whereas  dlvinyl  nitrile  rubbers  are  degradated  within  a 
shorter  time  than  a  half  an  hour.  The  preparation  of  compounds  from 
vinyl  slloxane  rubber  and  other  rubbers  does  not  require  special  equip¬ 
ments  and  formulae.  Usually,  vinyl  slloxane  rubber  with  3-4  mole-#  vinyl 
groups  is  used  for  these  purposes. 

The  vinyl  slloxane  rubber  is  the  main  type  of  rubber  for  the  rub¬ 
ber  industry;  it  is  used  for  diverse  packers  working  at  temperatures 
within  -250°  to  +300° ,  under  conditions  of  static  compression,  in  cir¬ 
culating  air  and  without  it,  in  aviation,  in  vacuum  Industry  and  other 
industrial  branches. 

References:  Stavltekiy  I.K. ,  Svetozarova  V.M. ,  Slntez  1  svoystva 
vinilsiloksanovogo  hauchuka  [Synthesis  and  Properties  of  the  Vinyl-Si- 
loxane  Rubber],  "Kauchuk  i  retina,"  i960.  No.  5*  page  6;  Borisov  S.N. , 
Stavltskly  I.K. ,  Vlnllsoderzhashchiy  kremnlyorganicheskiy  kauchuk  [Sil¬ 
icon-organic  Rubber  Containing  Vinyl],  "Kauchuk  1  retina,”  1958,  No.  2, 
page  1. 

1 
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VINYON  HH  -  a  synthetic  carbon-chain  fiber  made  from  a  copolymer 
of  vinyl  chloride  and  vinyl  acetate  (86-90;  14-10  parts  by  weight).  It 
is  formed  from  acetone  solutions  of  the  copolymer  by  the  dry  method.  It 
is  produced  in  the  USA  in  the  form  of  a  staple  fiber  with  4300,  3000, 

1650.  The  physico-chemical  and  mechanical  properties  of  Vinyon  HH  are 
as  follows:  specific  weight  1.33-1.36,  moisture  content  under  standard 
conditions  0#,  limiting  water  absorption  less  than  0. 1%,  softening  tem¬ 
perature  52-60°,  melting  temperature  132°,  shrinking  temperature  65* , 
shrinkage  in  boiling  water  60-70#,  difficulty  combustible  and  self¬ 
extinguishing,  dielectric  constant  3.2  at  60  cps,  3*1  at  1000  cps, 
tangent  of  the  dielectric  loss  angle  at  25®  and  50#  relative  humidity 
is  0.013  at  60  cps  and  0.015  at  1000  cps,  specific  volume  resistivity 
(at  50°)  5-2*101/i  ohm-cm,  breakdown  voltage  25  kv/imn,  refraction  index 
1*535,  high  fading  resistance,  resists  the  effect  of  decomposition  or¬ 
ganisms  and  bacteria,  less  resistant  than  polyvinyl  chloride  fiber  to 
the  action  of  concentrated  acids  and  alkalis,  and  also  of  organic  sol¬ 
vents,  resistant  to  the  effect  of  alcohols  and  aliphatic  hydrocarbons, 
is  soluble  in  acetone,  chloroform  and  methylene  chloride,  can  be  dyed 
by  acetate  fiber  dyes.  Vinyon  HH  is  used  for  the  production  of  rubber- 
impregnated  elastic  cloth,  binding  fibers  in  pressed  felts  and  in  spe¬ 
cial  brands  of  paper. 

References:  Rogovln,  2.  A.  Osnovy  khiaii  i  tekhnologii  proizvodstva 
khimicheskikh  volokon  (Fundamentals  of  the  Chemistry  and  Technology  c £ 
Chemical  Fiber  Production),  2nd  edition,  Moscow,  1957;  Fibers  from  Syn¬ 
thetic  Polymers,  edited  by  R.  Hill,  transl.  from  Eng.,  Moscow,  1957. 

2. A.  Zatulina 
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VISCOSE  CORD  TIBER  -  artificial  cellulose  hydrate  filament  fiber. 
It  is  produced  under  the  designations:  standard,  strong  (cord  material, 
Tenaeco);  high-strength  (super  cord  material);  super-high  strength 
[super,  super-super  (England),  Tirex,  Hew- Rayon  (USA)],  with  numbers 
(metric)  8.2,  7*65#  5.45  and  4.75.  The  specific  weight  of  viscose  cord 
fibers  are:  strength,  elongation  and  resistance  to  the  effect  of  tem¬ 
perature  (120-130*)  and  dynamic  loads,  which  arise  in  the  use  of  cord 
fabric  (for  example,  when  a  tire  travels  ~  30,000  km,  each  threat  of 
the  tire  body  withstands  more  than  1.2  million  flexures). 


fhyslcomechanlcal  Properties  of 
Standard,  Strong,  and  High-Strength 
Viscose  Cord  Fiber 


1)  Mechanical  properties;  2)  standard;  3) 
strong;  4)  high-strength;  5)  rupture 
length  (km);  0)  ultimate  tensile  strength 
(kg^im2);  7}  strength  losses  (Jf);  8)  in 
the  wet  state;  9)  in  a  loop;  10)  elongation 
(g);  11)  in  the  dry  state;  12)  elasticity 
(jfi;  13)  10  4$  elongation;  14)  in  10)1  elong¬ 
ation;  15)  modulus  of  elasticity  (kg^n£); 
16)  torsion  shear  modulus  (kg/cm2);  17) 
longevity  (number  of  flexures  at  a  load  of 
5  kgyfc*2  to  rupture);  18)  wear  resistance 
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(number  of  cycles  at  a  load  of  30  g). 

The  physicomechanical  properties  of  viscose  cord  fibers  depend  on 
the  techno} ogical  parameters;  the  indicators  of  this  fiber  are  substan¬ 
tially  better  than  those  of  viscose  rayon  (swelling  in  water  is  lower 
by  35-50#).  High-strength  viscose  fibers  have  a  strength  close  to  syn¬ 
thetic  fibers  (capron,  nylon,  dacron),  and  they  even  exceed  them  at 
high  rates  of  deformation.  The  fatigue  characteristics  of  high-strength 
cord  fiber  are  by  a  factor  of  8-10  higher  than  those  of  standard  cord 
fiber  or  viscose  rayon.  For  other  properties  of  viscose  cord  fiber  see 
Viscose  Rayon.  In  comparison  with  cotton  cord  viscose  cord  fibers  are 
characterized  by  lower  friction  and  heat  generation  in  service  and  a 
longer  tire-thread  service  life.  Viscose  cord  fibers  and  the  cord  fab¬ 
ric  which  are  made  from  them  are  used  as  a  carcass  in  the  production  of 
pneumatic  tires,  conveyor  belts  and  sleeves. 

References:  Demina,  N.V.  [et  al.  ),  "KhV,"  No.  5,  page  40,  I960; 
Caswell,  E.  R.  s  Textile  Fibers,  Yarn  and  Fabrics,  translated  from  Eng¬ 
lish.  Moscow,  i960. 


G. G.  Finger 
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VISCOSE  RAYON  -  an  artificial  hydrate-cellulose  filament  fiber.  It 
is  produced  as  shiny,  mat  (0. 2-2. 0#  of  titanium  dioxide)  or  painted  in 
the  mass  (0. 5-3*0#  of  dyeing  agent)  from  Nm  14  to  Nm  150.  Viscose  rayon 
is  heat  resistant  (withstands  prolonged  heating  at  100-110°  and  short 
duration  heating  -  up  to  3  minutes  -  at  150°  without  loss  of  strength), 
but  is  relatively  weak  (exceeds  only  protein,  acetate  and  cupraramonium 
fibers).  Specific  weight  of  viscose  rayon  is  1.50-1.54,  moisture  con¬ 
tent  under  standard  conditions  12.5-13*5#,  at  95#  relative  humidity  it 
is  27-33*0#.  Ihe  fiber  does  not  melt  or  soften;  is  easily  flammable  at 
18C°.  The  specific  heat  of  viscose  rayon  is  0.320-0. 330  cal/g-degree, 
the  heat  of  wetting  of  the  dry  fiber  by  water  is  21.0-25*0  cal/g,  when 
subjected  for  a  prolonged  period  of  time  to  low  temperatures  (from  -30° 
to  -50°)  the  breaking  length  increases  with  a  simultaneous  reduction  in 
the  rupture  elongation.  When  subjected  to  ultraviolet  radiation  for  20- 
24  hours,  photochemical  destruction  takes  place  (the  strength  loss  com¬ 
prises  20-35#),  the  refraction  index  along  the  axis  of  the  fiber  is 
1. 5^3  and  in  the  transverse  direction  it  is  1.527*  As  a  result  of  high 
hygroscopicity,  viscose  rayon  has  a  low  specific  electric  resistivity. 

Viscose  rayon  is  destroyed  in  hot  dilute  (loss  of  strength)  and  in  cold 
concentrated  acids  (swelling  and  loss  of  strength),  in  water  it  swells 
in  the  longitudinal  direction  by  3-5#  and  in  the  cross  section  by  35- 
50#,  loss  of  strength,  of  wear  resistance,  of  resistance  to  multiple 
bending  and  to  an  increase  in  the  rupture  elongation  are  obtained  simul¬ 
taneously  with  the  above.  I.oss  of  strength  is  also  observed  when  the  '  ' 

fiber  is  treated  fc**  long  periods  of  time  even  by  weak  alkalis.  Viscose 
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rayon  resists  the  effects  of  many  organic  solvents,  it  is  soluble  in 
cuproaminohydrate,  cuproethylene diamine,  phosphorous  acid,  it  breaks 
down  when  subjected  to  the  prolonged  action  of  oxidizers  (HgOg,  NaCIO, 
NaC102),  and  also  to  the  action  of  aerobic  and  anaerobic  bacteria  and 
fungi,  it  is  destroyed  by  termites  but  is  not  effected  by  moths.  Vis¬ 
cose  rayon  is  characterized  by  a  relatively  low  rupture  length  (13*5- 

p 

22.0  km)  and  an  ultimate  tensile  strength  comprising  20.5-27.4  kg/mm  . 
Wet  strength  loss  Is  45-55#,  in  &  loop  25-35#  and  in  a  node  45-55#* 
Elongation  in  the  dry  state  18-30#,  in  the  wet  state  25-35#*  The  ini- 

p 

tial  modulus  of  viscose  rayon  (for  1#  elongation)  comprises  7-8  kg/mm  , 

p 

the  torsion  shear  modulus  is  100-150  kg/mm  and  the  specific  rupture 
moment  2. 5  kgm/g. 

Viscose  rayon  has  an  insufficiently  high  elasticity;  the  degree  of 
elasticity  in  4#  elongation  compreises  35-45#,  in  10#  elongation  it  is 
from  30  to  35#,  the  maximum  recoverable  elongation  is  1. 5-1.7#*  The 
longevity  of  the  fiber  (number  of  flexures  before  rupture  under  a 

p 

stress  of  5  kg/mm  )  is  150-400,  wear  resistance  (number  of  cycles  under 
a  load  of  30  g)  is  125-450.  The  coefficient  of  friction  on  steel  is 
O.15-O.38,  on  porcelain  it  is  0.1-0.43,  on  a  viscose  fiber  it  is  0.17- 

0. 19. 

The  shortcomings  of  viscose  rayon  (low  resistance  to  crumpling, 
hydrophilic  nature  and  combustibility)  are  to  a  substantial  extent 
eliminated  by  treating  the  fiber  by  various  reagents.  Viscose  rayon  is 
used  primarily  in  the  textile  industry  for  the  production  of  cloth, 
knitted  fabric,  hosiery  and  in  tulle  curtain  production. 

References:  D&nina,  N.  V.  [et  al],  "KhV, "  No.  5,  page  40,  i960; 
Caswell,  E. ,  Textile  Fibers,  Yarns  and  Fabrics,  translated  [from  Eng¬ 
lish],  Moscow,  i960;  Spravochnik  po  analiticheskomu  kontrolyu  v  proiz- 
vodstve  iskusstvennykh  i  sinteticheskikh  volokon  [Handbook  on  the  Sta- 
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tiatical  Control  In  tilt  Production  of  Artificial  and  Synthetic  Fibers], 
edited  by  A.B.  Pakahver  [et  al.  ],  Moscow,  1957* 

O.O.  Finger 
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VISCOSITY  -  property  of  liquid  and  solid  amorphous  bodies  which 
characterizes  the  resistance  to  the  development  of  residual  deforma¬ 
tions  within  them  (internal  friction).  In  the  elementary  case  of  uni¬ 
form  shear  the  viscosity  coefficient  (or  the  viscosity)  rj  of  low-mole¬ 
cular  fluids  is  determined  from  Newton's  formula  P  =  rje,  where  P  is  the 
shear  stress,  and  e  is  the  rate  of  strain,  lhe  units  of  viscosity  in 
the  absolute  system  of  units  are  [e]  =  g/cm*sec.  This  unit  of  measure¬ 
ment  is  called  poise.  Amorphous  polymers,  dispersion  systems,  consist¬ 
ent  lubricants  and  glass  have  viscosity  which  is  highly  dependent  on 
the  shear  stress.  The  process  of  flow  of  various  substances  is  governed 
by  various  empirical  quantitative  relationships.  While  the  viscosity 
of  gases  increases  with  an  increase  in  temperature  in  proportion  to 
v'T,  for  liquids  and  glass  it  is  inversely  proportional  to  the  self-dif¬ 
fusion  coefficient  and  drops  sharply  with  an  increase  in  the  tempera- 


Fig.  1.  Temperature  dependence  of  the  viscosity  of  liquids  (1)  and 
gases  (2).  The  dashed  line  denotes  the  junction  of  both  states. 

U/kT 

ture  (Fig.  1)  according  to  the  law  tj  =  Ae  ,  where  A,  the  pre-expo¬ 
nential  multiplier,  is  a  weak  function  of  the  temperature  T,  while  U  is 
the  activation  energy  of  the  viscous  flow.  Since  the  structure  of  an 
amorphous  substance  above  the  second-order  transition  temperature  Tg 

charges  with  temperature,  while  below  it  it  does  not  change  in  the  vit- 
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re out  state,  the  activation  energy  of  the  viscous  flow  U  Is  differently 
dependent  on  the  temperature  In  the  liquid  and  vitreous  states,  which 
Is  reflected  In  the  temperature-viscosity  curve  (Tig.  2).  The  differ¬ 
ence  between  the  viscosity  of  ordinary  liquid  and  amorphous  bodies  (see 
Table)  reduces  basically  only  to  differences  (of  the  order  of  12-15)  In 


Fig.  2.  Relationship  between  the  logarithm  of  the  viscosity  and  the 
reciprocal  of  absolute  temperature  In  the  liquid  and  vitreous  states. 
1)  High  temperatures;  2)  low  temperatures. 


1)  Substance;  2)  viscosity 
at  20*  (poises);  3)  air;  4) 
water;  5)  rubbers;  6)  non- 
organlc  glass. 

the  magnitude  of  viscosity.  The  viscosity  or  organic  substances  In¬ 
creases  with  the  molecular  weight  and  with  the  Introduction  of  polar 
groups  into  the  molecule.  The  formation  of  space  structures  In  polymers 
and  their  solutions,  brought  about  by  the  cross-linking  of  macromole¬ 
cules,  results  In  a  sharp  Increase  In  the  viscosity,  which  Is  called 
structural  viscosity  to  distinguish  It  from  Newtonian.  When  such  space- 
structure  systems  flow,  the  work  of  the  external  force  Is  expended  not 
only  In  overcoming  the  true  viscosity,  but  also  In  breaking  up  the 
structure  of  the  body.  Dispersion  and  other  complex  systems  are  charac¬ 
terized  by  structural  viscosity.  Linear  polymers  which  are  subjected  to 
high  temperature  In  the  viscous-fluid  state  easily  exhibit  a  tendency 
to  flow  which  Is  based  on  the  segmental  mobility  of  macromolecules. 

435* 
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While  cross-linked  polymers  (whose  molecules  are  connected  by  crossed 
chemical  bounds)  can  flow  only  under  substantial  shear  stresses,  linear 
polymers  flow  already  at  low  stresses,  since  the  flow  process  is  not 
accompanied  by  the  destruction  of  chemical  bounds.  The  concept  of  vis¬ 
cosity  is  applied  in  engineering  to  solid  bodies  to  estimate  the  capa¬ 
city  of  the  body  to  absorb  energy  under  plastic  deformation.  Viscosity 
is  measured  in  units  of  work  (kgm),  referred  to  a  specimen  of  the  given 
shape  and  dimensions,  or,  conventionally,  referred  to  th-.i  specimen 

p 

cross  section  (kgm/cm  ).  Viscosity  which  is  Juxtaposed  to  brittleness 
is  mainly  a  useful  property  of  materials  of  manufacture.  A  distinction 
is  made  between  static  viscosity,  obtained  when  the  load  is  applied 
slowly,  impact  viscosity,  ordinarily  obtained  in  impact  flexuife,  and 
cyclical  viscosity  (see  Internal  Friction). 

References:  Frenkel1,  Ya. I.  Kineticheskaya  teoriya  zhidkostey  [The 
Kinetic  Theory  of  Fluids],  Moscow- Leningrad,  1945;  Hatschek,  E. ,  The 
Viscosity  of  Liquids  [Bell,  London,  1928],  translated  from  the  2nd 
edition,  Moscow-Leningrad,  1934;  Rebinder,  P.A. ,  "IAN  OKhN"  [Bulletin 
of  the  Academy  of  Sciences,  Chemical  Sciences  Section],  No.  11,  1957; 
Deryagin,  B.  V.  Chto  takoye  treniye  [What  is  Friction?],  Moscow,  1952; 
Kargin,  V.A.  and  Slonimskiy,  G.  L.  Kratkiye  ocherki  po  fiziko-khimii 
polimerov  [A  Brief  Outline  of  the  Physical  Chemistry  of  Polymers],  Mos¬ 
cow,  i960. 


0.  M.  Bartenev,  Ya.  B.  Fridman 
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VISUAL  METHOD  OF  PIAW  DETECTION  -  detection  of  flaws  in  materials 
products  by  inspection  by  the  naked  eye  or  by  optical  means*  The 
human  eye  has  an  insignificant  resolving  power,  which  is  defined  as  the 
nHirinum  angle  at  which  two  points  should  be  visible  in  order  that  a 
difference  between  them  could  be  detected.  For  a  normal  eye  this  angle 
is  about  1';  here  the  minimum  distance  between  two  points  which  are 
seen  separately  from  the  normal  sighting  distance  (250  mm)  is,  approx¬ 
imately,  0.07-0.08  mm.  This  is  the  quantity  which  is  used  as  the  limit¬ 
ing  sensitivity  of  the  visual  method  of  flaw  detection  by  a  naked  eye. 
The  sensitivity  of  the  visual  method  of  flaw  detection  is  increased  by 
the  use  of  various  optical  instruments:  the  MBS-2  binocular  stereoscopic 
microscope  for  inspection  of  specimens  and  components,  the  MIM-8  hori¬ 
zontal  metallographic  microscope,  the  MIM-7  vertical  metallographic 
microscope  for  the  study  of  the  microstructure  of  metals  and  other  non¬ 
transparent  materials,  the  RVP-13  instrument  for  inspection  of  the  in¬ 
ternal  surfaces  of  pipes  and  hallow  shafts  with  a  diameter  from  37  to 
400  mm,  the  Ts-13  inspection  cystoscope  for  inspection  of  the  internal 
surfaces  of  holes  8-20  mm  in  diameter.  The  MBS-2  binocular  stereoscopic 
microscope  is  the  one  most  widely  used.  It  ensures  good  access  to  the 
object  being  Inspected,  it  gives  a  sharp  projected  image  and  makes  it 
possible  to  rapidly  change  the  magnification.  Ifte  visual  method  of  flaw 
detection  makes  it  possible  to  expose  surface  flaws  of  metallurgical 
origin,  that  is,  pores,  blow  holes,  hair  cracks,  flakes,  laps,  cracks; 
flaws  in  welded  and  soldered  joints,  to  determine  the  grain  size  and 

the  presence  of  nonuniformity  of  grain  size;  to  establish  the  character 
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of  damage  due  to  corrosion,  etc 


i 


References:  Shmal'ts,  G. ,  Kachestvo  poverkhnoeti  [Surface  Quality], 
translated  from  German,  Moscow-Lenlngrad,  1941  j  Metallovedeniye  i  term- 
lcheskaya  obrabotka  stall  1  chuguna  [Metal  Science  and  Heat  Treatment 
of  Steel  and  Pig  Iron],  Handbook,  Moscow,  1956. 

G. I.  Kalashnikov 
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vraUIW  -  cobalt-base  heat-resistant  alloy.  It  It  used  for  pro- 

» 

elslon  coating  of  faloa  taath  by  tha  lost-wax  process;  in  1942  it  was 
uaad  for  coating  of  tubine  buckata  for  Jet  anginas,  which  has  a&de  it 
poaaibla  to  lncraaaa  tha  temperature  laval  of  hoot  resistance  of  these 
components  by  125*  in  comparison  with  other  heat  resistant  steals  avall- 
able  at  that  tine.  Here  the  carbon  content  of  tha  alloy  was  reduced 
from  0.50  to  0.300.  Tha  chemical  composition  of  vltallium,  which  is 
known  in  the  USA  under  the  brand  name  HS-21,  is:  0.20-0.350  C,  25-300 
Cr,  4. 5-6. 50  Mo,  1. 5-3. 50  Hi,  the  balance  being  cobalt.  The  domestic 
alloy  1X4  has  somewhat  different  limits  of  the  alloying  elements  com¬ 
position  (see  Cobalt  Casting  Alloys). 

Vltallium  is  used  primarily  in  the  as-cast  state  without  heat 

treatment.  The  hardening  phase  (of  the  1X4  alloy)  is  a  type  lie  Cc  car- 

23  o 

bide  of  the  following  chemical  composition  (referred  to  electrolitical- 
ly  dissolved  carbide-precipitating  metal):  1.400  Cr,  0.400  No,  0.800 
Co.  Vltallium  is  weldable.  The  ultimate  creep  strength  in  the  as-cast 
state  is  moderate:  14-15  kg/fam2  for  100  hours  at  800*  and  9.5  kg/fan2  at 
the  same  temperature  for  1000  hours.  The  ultimate  creep  strength  of 
this  material  can  be  increased  by  Introducing  0.020  of  boron. 

N.P.  Laahko 
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VITRIFICATION  TEMPERATURE  -  the  temperature  character!/ Jru'  th» 
transition  of  low-  or  high-molecular  amorphous  cubctance:;  to  the  ;;olio 
cr  vitreous  state  on  cooling.  In  melts  and  liquids  the  ra  t r  of  a  to."  1c 
and  molecular  regrouping  processes  decreases  with  temperature  and  be¬ 
comes  so  large  at  the  vitrification  temperature  T  that  no  changes  In 
the  short-range  ordering  or  flow  of  the  material  arc  observed  dur jr.- 
experiments,  The  structure  of  an  amorphous  substance  consequently  re¬ 
mains  unchanged  during  further  cool  In  j  from  T.,  persistin'*  in  the 

"frozen"  at  T  .  Thus,  structural  vitrification  produces  glass,  a  colic 
g 

with  a  definite  amorphous  structure  that  depends  on  the  T  and  nature 
of  the* substance.  This  process  is  treated  as  occurring  in  the  absence 
of  external  forces.  In  contrast  to  other  amorphous  substances,  poly:  t 
have  still  another  definition  of  T  associated  with  testing  under  per- 

C* 

iodic  mechanical  factors. 

Provided  that  crystallization  does  not  occur,  the  usual  struct*.::-- 1 
vitrification  characteristic  of  all  substances  is  observed  when  a  ;  ol  - 
mer  melt  is  cooled.  The  structural  vltrlf lcat low  temperature  Is  deter¬ 
mined  fr  e  thermal  shrinkage  or  linear  expansion  curve  or  fro*  tn- 
curves  for  temperature  versus  heat  capacity  or  other  thermodyna:  io  a:.u 
kinetic  characteristics  dependent  on  structure  (e.g.,  the  curve  of 
temperature  versus  speed  of  ultrasound  above  and  below  T.).  The  vitrl- 

b 

float ion  temperature  depends  on  the  cooling  rate. 

A  polymer  exhibits  three  physical  states  under  the  action  ,V  ex¬ 
ternal  forces  -  viscous  flowing,  highly  elastic,  and  solid  clastic. 

When  a  polymer  is  cooled  it  first  passes  from  the  viscous  flowing  to  th« 
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highly  elastic  state  and  then  to  the  vitreous  (solid  elastic)  state. 

The  transition  to  the  latter  state  always  takes  place  at  a  point  above 
the  structural  vitrification  temperature  Tg,  the  temperature  required 
increasing  with  the  deformation  frequency.  The  mechanical  vitrifica¬ 
tion  temperature  is  determined  from  the  loss  of  high-elactlcity  charac¬ 
teristics  and  is  01  enormous  practical  importance  In  evaluating  the 
frost  resistance  of  rubbers  (see  Frost  resistance  and  Thermal  BhrlnKag*). 

References:  Kargin,  V.A.  Slonlmskiy,  G.  L. ,  Kratkiye  ochci  1  f,o 
fiziko-khimli  polimerov  (Brief  Outline  of  the  Physical  Chemistry  '  f 
Polymers],  Moscow,  I960;  Kobeko,  P.P.,  Amorfnyye  veshchestva  (Ariorf.ro 
Substances],  Moscow-Len Ingrad,  1952;  Bartenev,  Q.M. ,  Mekhanicheokl/e 
svoystva  i  teplovaya  obrabotka  stekla  (Mechanical  Characteristics  and 
Heat  Treatment  of  Glass],  Moscow,  I960;  Idem,  0  dvukh  protsessakh 
lovaniyp  [Two  Vitrification  Processes],  DAN  SSSR  [Proceedings  of  the 
Academy  of  Sciences  USSR],  1956,  Vol.  110,  No.  5;  Shishkin,  N.I.,  Zac- 
teklovaniye  zhldkostey  pod  davlenlyem  [Vitrification  of  Liquids  Under 
Pressure],  ZhTF,  1955,  Vol.  25,  No.  2,  page  188;  Idem.  Zavisimost' 
kinetlche8klkh  svoystv  zhldkostey  i  stekol  ot  temperatury,  davleniya  1 
ob'yeraa  [Kinetic  Characteristics  of  Liquids  and  Glasses  as  a  Function 
of  Temperature,  Pressure,  and  Volume],  Ibid.,  1956,  Vol.  26,  No.  7,  page 
1461. 


G.M.  Bartenev 
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VOLATILE  CONTENT  is  the  weight  loss  (In  %)  of  a  sample  of  material 
(resin,  lubricant,  etc.)  as  a  result  of  heating  It  for  speolfled  time 
at  specified  temperatures  Indicated  In  QOST  or  TU.  The  volatile  oontent 
Is  computed  from  the  formula 

tuo. 

where  x  Is  the  volatile  content  (Jf),  a  Is  the  Initial  weight  of  the  ma¬ 
terial  sample,  b  Is  the  weight  of  the  material  sample  after  heating. 

M.S.  Krol • 


VOLCANIC  GLASS  -  glass-like  ingenous  rock,  primarily  of  volcanic 
origin,  which  forms  upon  rapid  cooling  of  a  natural  silicate  melt.  De¬ 
pending  on  the  composition  a  distinction  is  made  between  ultra-basic, 
basic,  medium  and  acid  volcanic  glass;  the  SiOg  content  correspondingly 
varies  from  35  to  73#.  Only  acid  volcanic  glass  is  used  industrially. 
Volcanic  glass  containing!#  of  water  is  called  obsidian  (0),  when  it 
has  a  higher  water  content  and  in  the  presence  of  a  characteristic 
spherical  jointing  it  is  called  perlite.  The  specific  weight  of  obsidi¬ 
an  is  2.2-2.413.  Hie  refraction  index  is  1.4845-1.495.  Increasing  the 
water  content  increases  the  refraction  index.  The  compressibility  of 
obsidian  (— Av/v)  at  a  pressure  of  600  bars  and  temperature  of  25°  is 

18*10~\  at  a  pressure  of  1000  bars  and  temperature  of  294°  it  is 
,  ^  -4 

27.46*10  .  The  shear  modulus  of  obsidian  subjected  to  all-sided  pres- 

11  2 

sure  of  1  atm  is  3.03*10  dynes/cm  ,  in  all-sided  pressure  of  4000  atm 

11  2  —2  11 
it  is  2.97*10  dynss/cm  .  Young’s  modulus  (dynes* cm  *10  )  in  the 

temperature  interval  20-30°  is  6.56,  tp^  is  1400-1500°.  Softening  in¬ 
terval  950-1500°.  Changing  the  temperature  from  800  to  1200°  results 

12  7 

in  a  change  in  viscosity  from  10  to  10'  poises.  The  viscosity  at 
1400°  is  1.7-4.4*10^  poises.  The  thermal  conductivity  f (watt /cm* degree) 
•10“3]  at  0°  is  13.4,  at  100°  it  is  14.6,  at  400°  17.8  and  at  500°  it 
is  18.9*  The  resistivity  of  obsidian  is  10^°  ohm* cm.  The  dielectric 
constant  of  obsidian  is  13*10  .  The  building  industry  uses  obsidian 
chips  (fractions  of  0. 5-15  mm)  to  produce  artificial  pumice.  In  the 
glass  and  ceramics  industry  it  serves  as  a  substitute  for  quartz.  Pul¬ 
verized  obsidian  can  be  used  as  an  abrasive.  Unique  grades  of  obsidian 
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with  a  low  thermal  expansion  coefficient  are  used  in  the  production  of 
mirrors  for  telescopes  and  other  optical  apparatus. 

References:  Birch,  P. ,  Sherer,  D.  and  Spicer,  G. ,  A  Geologist's 
Handbook  of  Physical  Constants,  translated  from  English,  Mowcow,  1949; 
Zavaritskiy,  A. N. ,  Izverzhennyye  gornye  porody  [Igneous  Rocks].  Moscow, 
1956;  Petrov,  V.  P.  and  Nasedkin,  V.  V. ,  "Tr.  In-ta  geol.  rudnykh  mestor- 
ozhdeniy  petrografii,  mineralogii  i  geokhimii"  [Trans,  of  the  Institute 
of  Geology  of  Mineral  Deposits,  Petrography,  Mineralogy  and  Geochemis¬ 
try].  No.  84,  1961. 


V.  V.  Nasedkin 
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VOLOXNIT  -  molding  material  with  a  high  mechanical  strength  and 
antifriction  properties;  it  Is  a  cellulose  (cotton)  fiber  base  material, 
impregnated  with  a  phenolformaldehide  resols  with  addition  of  lubricants, 
dyes,  talc,  lime  or  roasted  magnesium.  She  fiber  (bleached  and  unbleach¬ 
ed  (cotton)  linter  or  lint)  is  Impregnated  and  mixed  with  the  additives 
in  a  twin-blade  mixer  and  dried  at  60-90°  in  belt  dryers.  In  external 
appearance  it  is  a  flock  of  tangled  fibers.  The  Raschig  fluidity  is  40- 
140  mm,  design  shrinkage  0. 3-0. 656.  Voloknit  is  made  into  products  elth- 
er  by  direct  hot  extrusion  (specific  pressure  300-600  kg/cm  ,  tempera¬ 
ture  160-180°,  curing  time  0. 3-1*5  min/mm),  or  by  compression  molding 

p 

(specific  pressure  1400-1600  kg/cm  ).  Specific  weight  1.45,  impact 

p 

ductility  not  less  than  9  kg* cm/cm  ,  ultimate  strength  in  static  flex¬ 
ure  600-800,  in  compression  1200,  in  tension  300-600  kg/cm2,  relative 

p 

tensile  elongation  0.3856,  modulus  of  elasticity  85,000  kg/cm  ;  Brinell 

p 

hardness  25  kg/mm  ,  Martens  heat  resistance  not  less  than  140°,  coeffi¬ 
cient  of  linear  expansion  3-3.5*10”"^  °CH1,  thermal  conductivity  0. 18- 
0.20  kcal/m*hour* °C,  specific  heat  0.3-0. 34  kcal/kg* °C,  coefficient  of 
friction  0. 33.  After  being  held  for  24  hours  in  oil  or  gasoline  the  oil 
resistance  is  0. 1156,  gasoline  resistance  is  0.02556,  specific  volume  re¬ 
sistivity  not  less  than  1*1010  ohm-cm,  specific  surface  resistivity 
1*1010  ohms,  electric  strength  not  less  than  4  kv/mm.  Ihe  material  is 
almost  unsusceptible  to  aging.  The  service  temperature  is  100°.  Volo¬ 
knit  is  recommended  for  molding  of  reinforced  and  nonrelnforced  com¬ 
ponents  subjected  to  flexure  and  torsion  (switches,  flanges,  handles, 

supports,  cams,  gears,  guiding  sleeves,  etc. ). 
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VULCANIZED  FIBER  -  is  a  solid  material  formed  from  a  special  pa- 
paper  basis  impregnated  with  a  concentrated  solution  of  zinc  chloride, 
sometimes  sulfuric  acid  (for  the  production  of  thin  fiber)  or  a  solu¬ 
tion  of  calcium  thiocyanate  mixed  with  a  solution  of  calcium  chloride. 
Vulcanized  fiber  is  manufactured  in  the  form  of  0.1-76  mm  thick  sheets, 
pipes  with  7-76  mm  inner  diameter  and  11-100  mm  outer  dlamter,  and 
rods  with  round,  quadratic  and  rectangular  cross  section.  Round  fiber 
rods  are  the  most  widely  used.  The  sheets  and  pipes  are  manufactured 
on  appropriate  machines  by  impregnation  of  the  paper  with  zinc  chlor¬ 
ide,  winding  of  a  number  of  layers  (according  to  the  required  thick¬ 
ness)  on  a  cylinder  or  rod,  forming  under  pressure  at  raised  tempera¬ 
ture  and  subsequent  removal  of  the  zinc  chloride  from  the  fiber  by 
diffusion  up  to  a  residual  content  of  not  more  than  0.15-0.20#.  The 
washed  vulcanized  fiber  is  dried  and  finished  by  pressing.  The  mechan¬ 
ical  properties  of  the  vulcanized  fiber  are  similar  to  those  of  brass, 
bronze  and  aluminum,  and  this  material  is  used  to  substitute  nonfer- 
rous  metals.  Vulcanized  fiber  possesses  a  higher  maximum  tensile,  com¬ 
pression  and  static  bending  strength,  and  a  considerably  higher  break¬ 
ing  elongation  percentage  than  textolite  of  the  PT  grade,  celluloid, 
organic  glass,  viniplast  and  fibrous  plastic.  The  low  density  (1.0- 
1.5  g/cm^)  is  a  specific  peculiarity  of  the  vulcanized  fiber;  the  phys- 
lcomechanlcal  and  electric  insulating  properties  of  the  vulcanized  fi¬ 
ber  are  characterized  by  the  following  values:  strength  of  the  adhe- 
sion  between  the  layers  60-120  kg/cm  ;  maximum  strength:  compression 
strength  1500-3000  kg/cm2,  bending  strength  800-1600  kg/cm2;  specific 
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resilience  50-120  kg»cm/cm  ;  modulus  of  elasticity  5 *10  -8*10  ;  Brin- 

2  ? 

ell  hardness  10-30  kg/mm  ,  Brinell  hardness  10-30  kg/mm';  heat  conduc¬ 
tivity  at  50°  2. l«10”^-3* 3*10”^  cm_^»sec“^;  specific  heat  0.32-0.3^ 
kcal/kg»°C;  heat  resistance  according  to  Martens  60-70° ?  thermal  expan¬ 
sion  coefficient  27*10"^;  specific  volume  resistance  lG^-5‘1011  ohm»cmj  \ 

Q  "j  p 

surface  resistance  10  -10  ohm*  cm  j  +-an  of  the  loss  angle  0.04-0.07} 
coefficients  of  friction:  calendered  vulcanized  fiber  on  calendered 
vulcanized  fiber  0.16-0.17}  on  pine  wood  (planed  and  ground  with  emery 
cloth)  up  to  0.l8,  on  cast  iron  0.13-0.14,  on  steel  0.13.  Dry  vulcan¬ 
ized  fiber  is  not  attacked  by  mold  and  insects.  Vulcanized  fiber  is 
impregnated  with  fungicides  (sodium  pentachlorophenolate,  etc. )  when 
used  in  torrid  zones.  Vulcanized  f?ber  is  insoluble  in  kerosene,  gaso¬ 
line,  alcohol,  acetone  and  mercury;  it  is  decomposed  by  sulfuric,  ni¬ 
tric  and  hydrochloric  acids.  The  mechanical  strength  of  vulcanized  fi¬ 
ber  kept  for  a  long  time  at  100°  is  diminished  as  follows:  the  tensile 
strength  by  30-40$,  the  compression  strength  by  50$,  and  the  bending 
strength  by  30-40$.  Vulcanized  fiber  becomes  brittle  at  temperatures 
higher  than  150°  and  catches  fire  (glows)  at  3^3-3^7°;  at  higher  tem¬ 
peratures,  vulcanized  fiber  burns  almost  smokeless.  Vulcanized  fiber  1 

does  not  carbonize  in  the  electric  arc,  it  becomes  decomposed  libera¬ 
ting  a  great  quantity  of  gases  which  promotes  the  extinguishing  of  the 
arc. 

Vulcanized  fiber  is  readily  machinable  by  cutting,  sawing,  drill¬ 
ing,  planing,  milling,  grinding,  punching  and  drawing;  it  may  be  read¬ 
ily  bent,  glued,  riveted,  threaded,  and  formed  (after  being  soaked  in 
hot  water).  The  high  hygroscopic ity  (many  times  surpassing  that  of 
Pertinax  and  textollt.e)  is  the  main  disadvantage  of  vulcanized  fiber. 

Water  absorption  reduces  the  mechanical  and  dielectric  characteristics 
of  the  vulcanized  fiber  considerably.  The  most  rapid  change  of  the  ten- 
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sile  strength  occurs  ftt  a  moisture  content  of  2-14$.  An  increase  of  the 
moisture  content  by  1 $  within  these  limits  involves  a  loss  in  the  ten¬ 
sile  strength  on  an  average  of  4#.  The  strength  of  the  vulcanized  fiber 
does  not  drop  significantly  when  the  moisture  content  changes  within 
14-35$.  Change  of  the  moisture  content  within  1-12$  causes  an  increase 
of  the  resilience  by  10$.  The  resilience  drops  rapidly  under  a  further 
increase  of  the  moisture  content  up  to  21$,  remaining  practically  un¬ 
changed  at  higher  moisture  contents  up  to  35$.  Moistening  of  the  vul¬ 
canized  fiber  strongly  reduces  its  specific  volume  resistance,  the  tan¬ 
gent  of  the  loss  angle,  the  dielectric  constant,  and  the  electric 
strength.  Vulcanized  fiber  Is  impregnated  with  transformer  or  linseed 
oil,  paraffin,  or  resins  in  order  to  reduce  the  hydroscopic ity.  Vulcan¬ 
ized  fiber  sheets  (GOST  6910-54)  are  available  in  the  following  grades: 
FT  -  commercial  vulcanized  fiber  for  the  manufacture  of  parts  In  ma¬ 
chine  building,  electrical  machine  building  and  instrument  manufacture; 
FE  -  electrotechnical  vulcanized  fiber  as  an  insulating  material  in 
electrical  machine  building;  FK  -  peak  vulcanized  fiber  for  the  manu¬ 
facture  of  cap  peaks;  FP  —  article  vulcanized  fiber  for  the  manufac¬ 
ture  of  suitcases,  photographic  dishes,  diverse  containers  and  other 
articles:  FPK  —  oxygen- resistant  packing  vulcanized  fiber  for  the  man¬ 
ufacture  of  parts  which  come  In  contact  with  oxygen.  The  thickness  (In 
mm)  of  the  sheets  is:  0.6-25.0  for  FT;  0.6-12.0  for  PE;  1.0  for  PK; 

0. 6-3.0  for  FP;  and  0. 6-5*0  for  FPK.  Vulcanized  fiber  with  a  thickness 
from  0.6  to  8  mm  is  manufactured  in  (me  piece,  and  with  a  thickness 
from  8.0  to  12  mm  either  in  one  piece  or  by  adhesive -bonding,  and  with 
a  thickness  higher  than  12  mm  by  adhesive-bonding.  The  adhesive-bonding 
of  the  thin  (3-6  mm)  vulcanized  fiber  sheets  is  carried  out  by  means 
of  the  phenol-formaldehyde  resin  S-l.  The  monolithic  vulcanized  fiber 

is  available  with  a  length  from  850  to  2300  mm,  and  a  width  from  550 
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to  1400  mm;  the  bonded  fiber  has  a  length  from  1600  to  1900  am  and  a 
width  from  400  to  600  mm. 

No  cracking  of  the  surface  must  occur  when  a  vulcanized  fiber 
sheet  with  a  thickness  up  to  3  mm  is  bent  around  a  rod  whose  diameter 
is  10-20  times  greater  than  the  thickness  of  the  sheet. 


Technical  Characteristics  of  the  Vulcanized  Pilfer 
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1)  Characteristics;  2)  grade;  3)  FT;  4)  PE;  5)  FK;  6)  FP;  7)  FPK;  8) 
tensile  strength  (kg/cm2,  not  less  than):  in  longitudinal  direction 
(numerator)  and  in  transverse  direction  (denominator)  at  a  thickness 
of  (in  mm);  9)  and;  10)  density  (g/cm3,  not  less  than);  11)  specific 
volume  resistance  at  a  temperature  of  20  t  5*  (oha»cm,  not  less  than) ; 
12)  electric  strength  at  a  temperature  of  20  ±  5#  (kv/mm,  not  less 
than)  at  a  thickness  of  (in  mm);  13)  adhesion  coefficient  (g/cn.  not 
less  than);  14)  percentage  of  zinc  chloride  (not  more  than);  15)  per¬ 
centage  of  ash  (not  more  than);  16)  water  absorption  within  24  hrs 
(jiS,  notmore  than)  at  a  thickness  of  (in  mm);  17)  oil  absorption  within 
24  hrs  (%,  not  more  than);  18)  percentage  of  mdisture. 


Vulcanized  fiber  of  the  FLAK  grade  (vulcanized  fiber  sheet  for 
aviation  constructions,  COST  3335-46)  is  used  for  the  manufacture  of 
aircraft  tanks;  it  is  available  in  black  and  in  red  color  with  the  dl- 
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mansions  of  1800  x  1200  mm  and  a  thickness  of  1-3  mm;  it  may  be  readily 
punched  and  possesses  a  high  mechanical  strength;  it  must  withstand  a 
heating  at  100-105°  for  24  hours  and  also  a  dipping  into  water  of  10- 
30°  for  24  hours  without  delamination,  cracking  or  bubbling;  it  must 
be  airproof  at  an  air  pressure  up  to  0.3  atm.  The  technical  character¬ 
istics  of  FLAK  are  listed  in  the  following  Table. 


Technical  Characteristics 
of  FLAK 


♦The  numerator  is  valid 
for  the  longitudinal  di¬ 
rection,  and  the  denomin¬ 
ator  for  the  transverse 
direction. 

1)  Characteristics;  2)  standards;  3)  density  (g/cm2,  not  less  than); 

ultimate  tensile  strength  (kg/cms  not  less  than);  5)  in  longitu¬ 
dinal  and  transverse  directions  for  a  vulcanized  fiber  with  a  thickness 
up  to  2  mm;  6)  in  longitudinal  and  transverse  directions  for  a  vulcan¬ 
ized  fiber  with  a  thickness  greater  than  2  mm;  7)  breaking  elongation 
in  longitudinal  and  transverse  directions  (%,  not  less  than);  8)  coeffi¬ 
cient  of  adhesion  (g/cm,  not  less  than);  9  moisture  percentage;  10) 
percentage  of  zinc  chloride  (not  more  than);  11)  oil  absorption  during 
immersion  into  transformer  oil  for  24  hrs  at  15-20*  (*,  not  more  than); 
12)  gasoline  absorption  during  immersion  into  aviation  gasoline  for  24 
hours  at  15-20*  (jf,  not  more  than). 
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Le&therold  is  a  variety  of  thin-sheet  vulcanized  fiber.  It  is 
available  in  a  gray  or  dark-gray  color  with  a  thickness  of  0.1-0. 5  om¬ 
it  is  characterized  by  a  high  mechanical  strength  and  flexibility.  The 
main  characteristics  are:  1.3  g/cm^  density;  ultimate  tensile  strength 
in  longitudinal  direction  700 ,  and  In  transverse  direction  400  kg/cm2; 
electric  strength  10  kv/mm  before  bending  and  8  kv/mm  after  bending; 
percentage  of  moisture  8.  It  is  used  in  electrical  engineering  for  the 
Insulation  of  windings,  inserts  in  grooves,  and  winding  packings. 

KGF  is  a  soft  leatherlike  vulcanized  fiber  sheet  obtained  by  im¬ 
pregnation  with  castor  oil  and  glycerol.  It  is  used  as  a  packing  in  di¬ 
verse  joints  to  prevent  the  leakage  of  water,  oil,  kerosene  and  gasoline. 

Vulcanized  fiber  pipes  are  used  for  the  manufacture  of  fuses  and 
of  various  bushes.  The  main  technical  character  1 'tics  are:  specific 
gravity  1.3;  water  absorption  within  24  hours  15-300;  electric  strength 
3-7  kv/mm;  moisture  content  8-100;  ash  percentage  not  more  than  30;  per¬ 
centage  of  zinc  chloride  not  more  than  0.20;  the  surface  must  be  smooth, 
without  folds,  bubbles,  hollows,  and  abrasions;  the  ovality  is  ±0.2- 
1.0  mm  (depending  on  the  pipe  diameter).  A  deviation  of  the  pipe  axis 
from  the  straight  line  by  not  more  than  2  mm  per  250  am  pipe  length 
is  allowed.  The  pipes  are  manufactured  in  the  lengths  of  400-1100  mm 
with  various  wall  thickness  and  diameter  sizes  (the  most  widely  used 
external  diameters  are:  10,  15*  20,  25,  30,  40,  50,  and  60  mm). 

Vulcanized  fiber  is  widely  used:  in  machine  buildings  as  a  packing 
material  in  steam  turbines,  hydraulic  presses,  pumps,  carburetors, 
valves,  in  gasoline  and  oil  pipelines,  in  high-pressure  pipelines  (up 
to  400  atm)  for  diverse  fluids  and  gases;  vulcanized  fiber  is  used  for 
the  manufacture  of  cups  for  compressors  and  hydraulic  presses,  noise¬ 
less  gears,  abrasion  discs  for  the  grinding  of  crankshafts,  etc. ;  in 
the  textile  industry  for  basins,  shuttles,  bobbins,  rolls,  parts  of 
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looms,  combs,  bearing  bushes,  etc.;  in  electric  engineering  for  diverse 
Insulating  packings,  button  switches,  plpellke  fuses ,  handels,  pole 
arsfi  of  knife  switches,  dischargers,  packings  for  the  rotors  and  sta¬ 
tors  of  electric  motors,  parts  of  wireless  sets,  telephone  and  lighting 
equipment,  cut-outs,  screws,  nuts,  pins,  et~.;  In  the  automobile  Indus¬ 
try  for  pipes  for  the  lgnltlon-wlre  manifold,  parts  of  the  electric 
equipment,  diverse  linings,  packings,  and  washers;  In  aircraft  design¬ 
ing  for  gasoline  and  oil  tanks,  pilot  seats,  and  parts  of  the  control 
and  measuring  equipment;  In  the  railroad  transport  for  parts  of  the 
automatic  block  signaling  system,  for  the  guides  of  the  locomotive 
boxes,  Insulation  parts  of  rail  Joints:  pads,  laps,  and  bolt  bushes. 
Fiber  Is  also  widely  used  for  the  manufacture  of  commodities. 

References:  Vasil' yev,  D.N. ,  Prolzvodstvo  flbry  [Manufacture  of 
Fiber],  Moscow-Lenlngrad,  1959;  Frolova,  Z.I. ,  Fibre,  yeye  svoystva, 
prlmenenlye  1  protses  prolzvodstva  [Vulcanized  Fiber,  Its  Properties, 
Application  and  the  Process  of  Manufacture] ,  Moscow,  1958;  Spravochnlk 
po  elektrotekhnlchesklm  mater Islam  [Handbook  of  Electric  Engineering 
Materials],  Vol.  1,  Fart  1,  Moscow-Lenlngrad,  1958. 

S.Sh.  Ryvlln 

[Transliterated  Symbols] 

•T  *  FT  *  fibre  tekhnlcheskaya  -  commercial  fiber 

•3  *  FE  *  fibre  elektrotekhnlcheskaya  *  electrical-engineer¬ 
ing  fiber 

•K  *  FK  »  fibre  kozyrechnaya  *  peak  fiber 

®TTK  *  FPK  »  fibre  prokladochnaya  klslorodostoykaya  •  oxygen- 
resistant  packing  fiber 

6JIAK  -  FLAK  ■  fibre  llstovaya  avlatslonnaya  konstruktslon- 
naya  «  sheet  fiber  for  aviation  constructions 
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WATER  ABSORPTION  CAPACITY  -  the  capacity  of  materials  to  absorb 
water  when  they  are  held  In  water  or  In  water  solutions.  The  quantity 
of  water  which  Is  absorbed  depends  on  the  porosity,  swelling  capacity 
and  the  hydrophilic  nature  of  the  material.  The  magnitude  of  water  ab¬ 
sorption  capacity  for  a  given  material  usually  exceeds  the  maximum 
moisture  absorption  capacity  due  to  filling  of  through  macrocapillaries 
of  *he  bodies  and  increasing  the  osmotic  absorption.  See  also  Moisture 
Absorption  Capacity,  Moisture,  Swelling. 
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WATER  IMPERMEABILITY  -  resistance  of  materials  to  water  penetra¬ 
tion  through  them.  It  is  characterized  by  the  minimum  excess  pressure 
which  results,  at  the  given  rate  of  increase  or  during  a  specified  time 
in  the  appearance  of  a  specified  number  of  drops  on  the  opposite  side 
of  a  specimen.  Sometimes  the  water  impermeability  indicator  is  the  time 
after  which  the  first  (third)  drop  of  water  or  a  specified  volume  of 
water  passes  through  the  material  at  constant  water  pressure  or  attend¬ 
ant  to  the  falling  of  drops  from  a  certain  height  or  other  method  of 
sprinkling.  rTnllke  water  permeability  indicators,  which  express  the 
rate  of  the  steady-state  process  of  water  conduction  by  the  material, 
water  impermeability  indicators  characterize  the  initial  stage  of  the 
process,  the  conditions  (pressure  drop,  time,  temperature),  under  which 
the  material  ensures  water  impermeability  and  water  absorption.  Water 
impermeability  depends  on  the  structure  of  the  material,  the  degree  and 
character  of  porosity,  swelling  ability,  thickness,  and,  in  the  case  of 
anisotropic  metals,  on  the  impregnation  direction  (water  impermeability 
of  laminated  wood-base  plastics  is  greater  perpendicular  to  the  layers 
than  along  them).  Water  impermeability  of  of  importance  primarily  for 
porous  materials,  for  example,  fabrics,  and  for  materials  which  are 
used  in  above-ground  or  underwater  devices  which  undergo  short-duration 
high  hydraulic  pressure. 

References:  Ekspluatatsionnyye  svoistva  tkqney  i  sovremennyye  me- 
tody  ikh  otcenki  [Service  Properties  of  Fabrics  and  Modern  Methods  of 
Their  Evaluation],  Moscow,  I960;  Kukin,  0. N.  and  Solov'yev,  A. N.  Tek- 
stil'noye  materialovedeniye  [Textile  Materials  Science],  Part  1,  Moscow, 
1961.  B.  I.  Panshin 
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WATER  PERMEABILITY  —  capacity  of  materials  to  pass  water  (water 
vapor).  In  the  case  of  polymers  a  necessary  condition  for  water  permea¬ 
bility  is  their  capacity  to  dissolve  water.  The  constants  of  permeabili¬ 
ty  (P)f  solubility  a,  and  diffusion  (D)  for  a  steady-state  process  are 
interrelated  by  the  relationship:  P  =  Do;  here  P  is  usually  expressed 
in  terms  of  cm2/sec/atm,  o  is  given  in  terms  of  cm^  of  gas  per  cm^  of 
polymer  at  0°  and  760  ram  of  Hg,  and  D  is  in  cm2/sec.  Solubility  is  re¬ 
tarded  by  the  presence  of  surface  friction  and  the  possibility  of 
limited  wetting  of  the  polymer's  surface  by  water.  A  necessary  condi¬ 
tion  for  the  demonstration  of  water  permeability  is  the  presence  of  a 
gradient  of  partial  water  vapor  pressure  to  both  sides  of  the  material 
(polymer  film,  plate,  etc.). 

Permeability  increases  with  the  temperature  in  relation  to  the  re¬ 
duction  in  surface  tension.  The  temperature  dependence  of  D  is  given  by 
the  expression: 

D-D,-**". 

where  DQ  is  a  constant  which  depends  on  the  oscillation  frequency  of 
the  diffusing  water  molecule,  Eq  is  the  diffusion  activation  energy 
which  depends  on  the  nature  of  the  polymer,  the  flexibility  of  its 
molecules,  structure  and  density  of  the  three-dimensional  lattice,  etc., 
T  is  the  absolute  temperature,  R  is  the  gas  constant.  The  temperature 
dependence  of  o  is  given  by  the  relationship:  where  aQ  is  a 

constant,  AH  is  the  heat  of  dissolution  of  a  mole  of  water  vapor  in  the 
polymer  (it  may  be  either  positive  or  negative),  the  values  of  T  and  K 


^375 


I-33vl 

are  the  same  as  before. 

Water  permeability  of  engineering  polymer  materials  can  be  sub¬ 
stantial  even  if  the  water  is  weakly  soluble  in  the  polymer,  provided 
that  fillers,  plastifiers,  etc.,  are  present  which  are  hygroscopic  in 
nature  and  form  structures  penetrating  the  entire  thickness  of  the 
polymer  material  (for  example,  silicates,  proteins,  etc.). 

Water  permeability  in  technology  can  be  a  positive  (filtering 
materials)  and  a  negative  (insulating  materials)  factor.  The  allowable 
water  permeability  of  a  material  is  determined  by  the  applicable  GOST. 
The  technical  parameters,  for  example,  the  thickness  of  filtering  ma¬ 
terials,  diameter,  number  of  and  shape  of  pores  depend  on  the  degree  of 
water  permeability.  Hie  hydrophilic  and  hydrophobic  nature  of  materials 
is  of  substantial  significance,  that  is,  water  permeability  can  be  re¬ 
duced  by  increasing  the  hydrophobic  nature  of  the  materials. 

References:  Burrer,  R. ,  Diffusion  in  Solid  Bodies,  translated  from 
English,  Moscow,  1948;  Reytlinger,  S.A.  "UKh, "  Vol.  20,  Issue  2,  page 
213,  1951. 

N.  N.  Lezhnev 


4376 


I-16K 


WATERPROOF  CARDBOARD  -  is  a  material  characterized  by  a  low  water 
absorption;  it  is  made  from  a  mixture  of  unbleached  sulfite  cellulose, 
waste  paper,  and  bitumen  emulsion.  The  bitumen  emulsion  diminishes  the 
water  absorption  of  the  cardboard,  makes  it  thermoplastic  and  improves 
in  this  way  the  possibility  of  pressing  it  in  a  hot  state.  The  water 
absorption  of  waterproof  cardboard  depends,  moreover,  on  its  composi¬ 
tion,  the  method  of  production  and  the  thickness;  it  decreases  at  ris¬ 
ing  density.  Thick  cardboard  is  more  stable  than  thin,  the  other  con¬ 
ditions  being  constant.  Waterproof  cardboard  possesses  a  sufficient  me¬ 
chanical  strength,  and  stretchability,  and  shows  almost  no  linear  de¬ 
formation  when  moistened,  it  does  not  break,  does  not  crack  when  bent 
for  l8o°  about  a  rod,  it  does  not  warp  when  stored  in  a  dry,  closed 
storage.  It  is  produced  by  calendering,  with  a  smooth  or  impressed  sur¬ 
face,  with  a  natural  (dark-brown)  color  or  colored  in  another  tint,  ap¬ 
pointed  with  the  comitter,  in  sheets,  in  the  grades  A  and  B.  Hie  dimen¬ 
sions  of  the  sheets  (in  mm)  are:  750  x  75O;  800  x  ll80;  950  x  740;  1000 
x  1000;  1000  x  158O;  1350  x  1000;  1500  x  750;  1500  x  950. 

The  technical  characteristics  of  waterproof  cardboard  are  listed 
in  the  Table. 

Waterproof  cardboard  is  widely  used  especially  in  the  motorcar 
(for  internal  lining  of  cabs  and  hoods  of  the  cars)  and  in  shipbuilding. 
It  is  delivered  according  to  DOST  6659-53. 
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4.00 

1.0;  1.26; 
1.60;  1,76; 
2.00;  2.60; 
r.OO;  3,60; 
4,00 

1.0 

0.0 

2.0 

1.0 

1, 6-4.0 

7. 0-0,0 

6-7 

,0-12.0 

0,30-0.26 

0.40 

0.60-0.00 

7,0 

0.70-0,76 

7.0 
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1)  Indices;  2)  grade  Aj  3)  grade  B;  4) 
allowances;  5)  thickness  (nun);  6)  weight 
by  volume  (g/cm3,  not  less  than);  7) 
ultimate  strength  In  stretching  as  the 
average  of  two  stretching  directions, 
kg/fom2#  not  less  than;  8)  water  absorp¬ 
tion  (jfc,  not  more  than);  9)  within  .... 
min;  10)  linear  deformation  when  moisten¬ 
ed  ($6,  not  more  than);  11)  along;  12) 
across;  13)  moisture  content  (%), 


S.  Sh.  Ryvlin 
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HATER  RESISTANCE  —  the  property  of  materials  to  resist  the  action 
of  water  and  water  vapor.  The  concept  of  water  resistance  Includes  the 
concept  of  water  permeability  and  wetting  (swelling)  In  water.  Processes 
which  take  place  under  the  action  and  with  the  participation  of  water, 
primarily  hydrolysis  of  polymeric  materials  (PM),  result  In  the  break¬ 
down  of  the  latter.  In  destruction  of  their  molecules.  Biologically, 
the  destruction  of  PM  under  the  action  of  bacteria,  fungi.  Including 
mildew,  also  usually  takes  place  In  a  water  medium.  Hydrolytic  proces¬ 
ses  take  place  easiest  In  heteropolymers  such  as  polyamides,  proteins, 
polyesters,  cellulose;  they  are  accelerated  substantially  in  the  pres¬ 
ence  of  acids,  alkalis  and  certain  salts.  The  water  resistance  of  poly¬ 
meric  materials  is  determined  by  the  character  of  the  heterochain  bound, 
the  nature  of  the  hydrollzlng  agents  and  the  conditions  under  which  the 
process  takes  place,  primarily  the  temperature.  Polymeric  materials 
most  susceptible  to  hydrolysis  are  those  with  a  cellulose  base,  polya¬ 
mides  are  less  susceptible  and  polysulfides  and  polyesters  are  even  less 
susceptible.  Of  substance  to  biological  destruction  is  the  presence  of 
nutrients  which  are  needed  for  the  activity  of  bacteria,  fungi,  etc. 

The  water  permeability  of  engineering  polymeric  materials  depends  to  a 
large  extent  on  the  ratio  of  various  additives  (fillers,  plastlflers, 
stabilisers)  to  the  water,  a  part  of  them  can  dissolve  in  the  water  or 
participate  In  various  chemical  reactions  which  take  place  In  the  water 
medium.  The  water  resistance  of  polymeric  coatings  which  protect  sur¬ 
faces  of  metals,  lumber  and  chemlcally-unstable  polymeric  materials  Is 
substantial;  swelling  In  water,  these  coatings  lose  not  only  their  me- 
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chanical  properties,  but  also  their  adhesion  to  the  surface  they  pro¬ 
tect.  In  addition,  corrosion  of  metal,  for  example,  of  iron  or  copper, 
once  started,  can  substantially  accelerate  the  reduction  destruction  of 
polymeric  materials  of  which  the  coating  is  made  as  a  rerult  of  forma¬ 
tion  of  reduction-oxidation  systems  which  include  the  ions  of  the  met¬ 
al  with  variable  valence.  In  the  water  medium  it  is  also  possible  to 
have  formation  of  hydrogen  peroxide,  which  is  highly  destructive  to 
polymeric  materials.  Adsorption  weakening  with  swelling  and  wetting  of 
walls,  cracks  and  discontinuities  is  of  substance  for  a  number  of  ma¬ 
terials.  Water  resistance  is  improved  by  introducing  hydrophobic  agents 
and  surface-active  substances  into  the  polymeric  materials;  coating  the 
surface  of  polymeric  materials  which  is  subjected  to  hydrolysis  or  oxi¬ 
dation  in  the  water  medium  by  water-resistant  materials  and  also  by  im¬ 
pregnating  the  polymeric  materials  by  antiseptics,  which  prevent  bio¬ 
logical  destruction.  Such,  for  example,  is  the  impregnation  of  railroad 
crossties  by  products  of  the  coke-byproduct  Industry,  in  particular  by 
cresoles.  Methods  of  rapid  determination  of  water  resistance  are  based 
on  conducting  the  process  either  at  a  high  temperature,  or  under  other 
severe  conditions. 

References:  Rogovin,  Z.A.  and  Shorygina,  N.N. ,  Khimiya  tsellyulozy 
i  ee  sputnikov  [The  Chemistry  of  Cellulose  and  Members  of  Its  Group], 
Moscow-Leningrad,  1950;  Grassy,  N. ,  Chemistry  of  Polymer  Destruction 
Processes,  translated  from  English,  Moscow,  1959. 

N.N.  Lezhnev 
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WEAR  -  Is  the  result  of  the  chafing  of  working  pieces  caused  by 
friction  processes  on  the  surface;  It  Is  evaluated  by  the  change  In 
size  or  weight  of  the  piece.  Wearing  Is  caused  both  by  plastic  deforma¬ 
tion  and  destruction  of  the  surface  layers.  The  latter  Is  termed  abra¬ 
sive  wear  (effect  of  hard,  mostly  nonmetallic  particles  which  are  mov¬ 
ing  relatively  to  the  surface  of  the  body).  It  concerns  the  friction  of 
metal  on  rocks,  cutting  and  boring  of  soils,  grinding,  scratching, 
friction  of  a  rough  shaft  on  the  weaker  bearing,  sandblasting  processes, 
etc.  ).  Wear  is  in  the  most  cases  not  a  purely  mechanical  process.  Cor¬ 
rosion  and  adsorption  affect  the  wear  intensely,  the  abrasion  wear  of 
the  steel  grade  35,  for  example,  is  30  times  higher  In  distilled  than 
in  tap  water,  whereas  the  wear  of  Khl8N9  stainless  steel  is  6  times 
higher  in  tape  water  than  in  distilled  water.  Depending  on  the  correla¬ 
tion  between  mechanical  and  abrasion  effects,  all  intermediate  cases, 
beginning  with  a  pure  abrasion  wear  and  ending  with  corrosion  and  me¬ 
chanical  wear,  are  possible.  Therefore,  increasing  of  the  mechanical 
strength  as  well  as  increase  of  the  corrosion  resistance  at  the  given 
conditions  are  used  for  the  increase  of  the  wear  resistance. 

References:  Khrushchov  M. M. ,  Babichev  M.  A.  Issledovaniya  iznashl- 
vaniya  metallov  [Investigations  on  the  Wear  of  Metals},  Moscow,  i960. 
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HEAR-RE3 XSTANT  CAST  IRON  -  is  a  cast  Iron,  the  microstructure  and 
chamlcal  composition  of  which  involve  a  high  resistance  to  wearing, 
l.e. ,  to  destruction  caused  by  contact  with  friction  surfaces.  The  type 
of  destruction  by  wearing  depends  on  the  type  of  friction,  and  the  lat¬ 
ter,  in  turn,  depends  on  the  linking  conditions  of  the  parts  and  on 
working  conditions:  sliding  friction,  rolling  friction  of  metal  on  lub¬ 
ricated  or  nonlubrlcated  metal,  and  also  a  combination  of  both  types  of 
friction;  moist  or  dry  sliding  friction  of  metal  on  nonmetal  or  on  an 
abrasive;  rolling  friction  or  a  combination  of  the  latter  with  sliding 
friction  under  the  same  conditions  as  before;  friction  of  metal  on  a 
fluid,  on  vapor  or  gases,  causing  an  erosion  effect  on  the  metal  sur¬ 
face,  etc.  Sometimes  the  wearing  of  the  cast  iron  occurs  in  an  aggres¬ 
sive  medium;  in  such  cues,  the  cast  iron  must  be  also  corrosion-resist 
ant. 

There  exist  a  number  of  groups,  characterized  by  the  purpose  and 
the  working  conditions  of  the  parts  made  of  them.  Based  on  the  type  of 
fracture,  on  the  chemical  composition,  and  on  the  microstructure,  the 
wear- resistant  cast  irons  are  subdivided  into  alloyed,  low-alloy,  med¬ 
ium-alloy,  and  high-alloy  gray  and  high-strength  cast  iron;  nonalloyed 
malleable  Iron;  nonalloyed,  low-,  medium-,  and  high-alloy  chilled  cast 
iron  or  white  Iron;  and  grey  end  high-strength  cast  iron  with  austeni¬ 
tic  metal  base.  The  latter  is  at  the  same  time  corrosion-resistant 
(see  Corrosion -resistant  cast  iron). 

Depending  on  the  working  conditions,  the  wear- resistant  cast  iron 
is  subdivided  Into  the  following  groups:  Antifriction  cast  iron.  Frlc- 
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tlon  cast  Iron;  Cast  Iron  for  piston  rings;  Chilled  cast  Iron  or  white 
Iron.  The  former  3  groups  belong  to  the  gray,  high-strength  (magnesium- 
alloy)  or  malleable  irons  (see  Gray  Iron,  Malleable  Iron). 

The  antifriction  iron  is  characterized  by  a  sufficient  wear-resit- 
ance  to  sliding  friction  at  different  combinations  of  the  sliding  rate 
at  the  specific  pressure  (not  higher  than  200  kg/cm  )•  Malleable  iron 
is  used  in  the  cases  of  extreme  specific  pressures.  Friction  iron  is 
characterized  by  a  high  friction  coefficient,  by  the  capability  of  with¬ 
standing  the  formation  of  seizings  during  the  braking,  and  by  some 
other  specific  properties.  The  iron  for  piston  rings  must  be  of  the  an¬ 
tifriction  grade  with  a  high  elasticity.  Chilled  iron  must  easily  with¬ 
stand  wearing  under  abrasive  friction  conditions  at  high  specific  pres¬ 
sures.  The  wear- resistance  of  cast  irons  is  mainly  determined  by  their 
structure  and  hardness,  which  in  turn  depend  on  the  content  and  the 
type  of  the  alloying  elements,  the  cooling  rate  of  the  casting,  and 
the  conditions  of  the  heat  treatment  (Table  1). 

TABLE  1 

Relative  Wear  of  Cast  Irons 
by  Abrasives 
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1)  Cast  Iron;  2)  kg/ma 2;  3)  relative  wear;  4)  gray  ferritic  Iron,  non- 
alloyed ;  5)  gray  pearlltic  Iron,  nonalloyed;  6)  gray  aclcular-troostl- 
tlc  Iron,  low-alloy;  7)  gray  martensitic  Iron,  medium-alloy;  8)  gray 
austenitic  iron,  hlgh-alloy  (12*  Mn);  9)  white  nonalloyed  Iron. 
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TABLE  2 


Wear-Resistance  of  Automo¬ 
bile  Cylinders  Made  of 
Gray  Iren 


lUKporrpf KTfpa  MerajwiM.  1 
ccitotu  ■  pacnpeAMWtM  rpa^rrt 

2  H»hoo 
{mm  n» 

10000  *«) 

qilMCTimaTUt,  MMOHCpHO  piCPptf- 

MMimul  rp*«»r;  nepjirr;  xw-pnt 
1,  KOAmCTIC  mOuTCHHUX  K*p0wo* 
4l'pa4*T  who*  me;  ottono  100%  nep- 

o , cost 

0,0100 

r-rp*4>ar  Tixot  hw;  ntpnirr;  nefonk- 
0  mua  nojuwctio  MaccmHoro  $*p- 

lifcT*  . .  •  ■ 

0,0.1.13 

£rp«®irr  nwl  MW-  HiecmHul  <t>ep- 

0,0015 

yrua^rr  n«wa«Hnpirrnw*;  nepjwr; 

•  ucK-poe  KOjmrrTio  nicrKiRoro 
♦eppur*  . 

0,0500 

1}  Microstructure  of  the  base  metal  and  distribution  of  the  graphite; 
2)  wear  (ram  per  10,000  km);  3)  lamellar,  uniformly  distributed  graph¬ 
ite;  2)  wear  (mm  pe^  10,000  km);  3)  lamellar,  uniformly  distributed 
graphite;  pearlite,  some  surplus  quantity  of  carbides;  4)  the  same 
graphite;  about  100#  pearlite;  5)  the  same  graphite;  pearlite;  a  small 
quantity  of  massive  ferrite;  6)  the  graphite;  massive  ferrite;  7)  in- 
terdendrltic  graphite;  pearlite;  some  quantity  of  massive  ferrite. 


The  wear-resistance  of  gray  irons  depends  also  on  the  distribution 
of  the  graphite.  The  presence  of  ferrite  in  the  cast-iron  structure, 
and  the  distribution  of  the  graphite  precipitations  between  the  den¬ 
drites  reduce  the  wear-resistance  of  iron  castings  (Table  2). 

Modifying  (see  (J  ufylng  of  cast  iron)  improves  the  distribution 
of  the  lamellar  graphite  and  incr.v-.ses  the  wear-resistance  of  the  gray 
iron  in  the  cast  of  metal-on-metal  friction,  or  metal-on-abra.sive  fric¬ 
tion.  Under  equal  working  conditions,  the  wear  of  the  modified  g^ay 
iron  is  30-40#  lower  than  that  of  the  non-modlfied  gray  iron. 

Mofified  gray  iron  surpasses  manganese  steel  in  the  resistance  to 
wear  by  abrasives;  this  is  proved  by  the  data  of  the  Table  3. 

In  order  ;o  increase  the  wear  resistance,  the  castings  of  gray, 
high-strength,  and  malleable  iron  are  submitted  to  heat  treatment:  nor¬ 
malization,  hardening  and  tempering,  surface  hardening,  etc.  (see  Heat 
treatment  of  cast  iron). 
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TABLE  3 

Wear-Resistance  of  Modi¬ 
fied  Cast  Iron 


P  CpOK  CJiywOW 

MartpatA 

1 

HUX-' 

MOJIOT* 

HOB 

Mjntot  ^ 
turn  Ap 00- 
jietfHM 
ue0Hfl 

5 

fflecra- 

PM 

Moaa^HoiipouimMt. 

. o- 

12 

it 

60 

MipreHuoiacnM 

CTIJt*  .  .  .  .  .  .  1 

3 

1 

4 

12 

1)  Material;  2)  life  (weeks)  of;  3)  crushing  hammers;  4)  rolls  for  rub¬ 
ble  crushing;  5)  pinions;  6)  modified  cast  iron;  7)  manganese  steel. 

Pearlitic  or  pearlite-ferritic  cast  iron  (gray,  high-strength,  or 
malleable  iron)  are  used  for  the  manufacture  of  parts  which  work  in 
bearings  and  in  other  friction  joints;  gray  iron  castings  are  used  for 
low  and  moderate  specific  pressures;  castings  of  high-strength  and  mal¬ 
leable  iron  are  used  in  the  case  of  raised  and  high  specific  pressures. 
The  following  grades  are  used  for  the  production  of  parts  working  in 
friction  joints  (excluding  bearings):  gray  nonalloyed  iron  for  machine 
beds,  pinions,  flywheels,  etc.;  gray  low-alloyed  iron  for  cylinder 
blocks  of  automobile  engines,  piston  rings  for  cylinders  of  tractor 
engines,  cams,  coupling  discs,  pinions,  punchs,  etc.;  low-alloy  iron 
with  sorbitic  structure  for  the  frames  of  diesel  and  automobile -engine 
cylinders,  crankshafts,  gears,  etc. ;  low-alloy  Iron  with  acicular  struc¬ 
ture  for  cylinders,  dies,  punchs,  crankshafts,  compressors,  etc.;  mal¬ 
leable  Iron  with  pearlitic  structure  for  diesel-engine  pistons,  valve 
arms,  and  also  for  transmission  shafts  and  for  the  drive  of  the  rocking 
shaft  and  the  planet  gear  of  truck  automobiles,  etc. 

For  the  manufacture  of  automobile-cylinder  cases,  sleeves  for 
pumps,  plungers,  and  similar  parts,  the  nltrldized  low-alloy  gray  iron 
with  the  following  composition  is  used:  2. 8-3.0#  C;  2. 3-2. 6#  Si;  0.6- 
1.0#  Mn;  0.8-1. 3#  Al;  0.8-1. 2#  Cr,  and  0.15-0.3#  Mo.  Blanks  of  this 
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iron  are  rotary  casted  into  a  chill  mold  heated  at  350-450*  and  then 
covered  with  a  fireproof  paint.  The  casted  blanks  are  normalized  at 
930-950°,  tempered  at  700-720°,  and  then  machined.  Further,  the  blanks 
are  tempered  at  580-625°  in  order  to  remove  the  stresses  caused  by  the 
first  machining,  and  then  nitridlzed  at  520-530°  for  80  hrs.  The  thick¬ 
ness  of  the  nitridlzed  layer  is  0.1-0.15  mm;  the  hardness  is  500-700 
HV  under  a  load  of  5  kg. 

Many  parts  submitted  to  wear  are  casted  from  malleable  iron  or  cop¬ 
per-alloy  gray  iron;  the  copper  increases  the  hardness  and  strength  of 
the  iron,  causing  a  hardening  by  dispersion  and  thus  improving  the  wear- 
resistance  and  the  antifriction  properties  of  the  parts  (Table  4). 


TABLE  4 

Chemical  Composition  and  Field  of  Application  of 
Copper-Alloy  Wear-Resistant  Iron  Grades 


2  Coaepwairae  uuvrtdi  (%) 

O  OOxacTb 

J  npHMCffCHIIH 
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81 

Hn 

C t 

Cu 
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1,4-1, 6 
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guo«.  turtiutl 

Koamt  •  ^ 

2.8 

1.8 

— 

0,5 

2.0 

0.6 

KoairaB  Bin 

HM-1,8  j 

2. 8-3.0 

0,8-t.l 

0.8-1. 2 

- 

1,0-1, 5 

-  , 

lAmn,  piOontoadK  m 
J  juitoc  ■  ycaoMux  in- 
eoini  Tji.  wuenl  so 
200  nfcM' 

)amn.  paOonwfBM  na 
■aaoc  npa  ya.  aaana- 
Htl  bo  3  w/rjt*  I  npa 
CKopocrax  CKOJUWHa* 
BO  25  a/M* 

CepwS  aaprat 

Hic-i.e  g 

2,8-3, 6 

1.3-1, 8 

0.8-0. 8 

0,2-0, 4 

1. 5-2,0 

"  1 

♦Typical  mean  composition. 

1)  Cast  iron;  2)  percentage  of  elements;  3)  field  of  application;  4) 
malleable  low-carbon;  5)  malleable*;  6)  crankshafts  of  automobile  en¬ 
gines;  7)  malleable,  ChN-1.3  grade;  8)  parts  submitted  to  wear  at  high 
pressures,  up  to  200  kg/cm2;  9)  gray,  ChM-1.8  grade;  10)  parts  submit¬ 
ted  to  wear  under  a  specific  pressure  up  to  5  kg/cra2  at  sliding  rates 
up  to  25  m/sec. 


In  order  to  increase  the  wear-resistance  of  gray-iron  castings, 
the  friction  surfaces  are  saturated  with  tellurium  which,  being  an  ac¬ 
tive  carbide-forming  agent,  causes  the  formation  of  a  thin  hard,  chill¬ 
ed  layer  (less  than  1  mm).  This  is  achieved  by  covering  the  correspond- 
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f  ing  surfaces  of  the  mold  with  a  tellurium-containing  paste  before  pour 
lng  In  the  metal.  The  core  of  the  casting  remains  gray.  Bolts  of  auto- 
mobile-engine  bushes,  for  example,  are  manufactured  in  this  way. 

High-alloy  chrome-nickel-copper  austenitic  irons,  Ni-Resists  (see 
Corrosion-resistant  cast  Iron)  are  used  for  parts  working  under  combln 
ed  corrosive  and  wearing  conditions.  Castings  of  chilled  iron  with  a 
pearlite-carbide  structure,  which  causes  a  high  hardness  and  wear-re¬ 
sistance,  are  used  in  the  case  of  abrasion  wear.  The  cast  iron  may  be 
nonalloyed,  middle-alloy,  or  high-alloy,  depending  on  the  purpose 
(Table  5). 

TABLE  5 

Chemical  Composition  and  Application  of  Chilled  and  White  Iron 


•lyryii  1 

t: 

Ipt ’’He.icriipoBaHHNfl  <mi- 
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TUCpawfl  .  .  .  . 
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1)  Cast  iron:  2]  percentage  of  elements;  3)  net  mere  tnan;  k)  other  ele¬ 
ments;  5)  kg/mm2;  6)  application;  7)  nonalloyed;  6)  the  same;  9)  low- 
alloy;  10)  medium-alloy  (Nl-Hard);  11)  hard;  11  soft;  13)  medium- 
chrome-alloy ;  14)  medium  nickel-boron  alloy;  19)  high-chrome-alioy ;  lc) 
when  casted  in  a  chill  mold;  17)  hard  machine  castings;  18)  millstones, 
balls  for  mills,  etc.;  19)  planishing  rolls,  draw  plates,  balls  for 
mills,  rings  and  roller  bearings  for  f ine-grindiug  mills,  etc.  ;  20) 
valve  seats  for  diesel  engines,  etc.;  21)  bushes  of  pumps,  etc.;  22) 
parts  working  under  abrasive  wear. 


White-iron  castings  are  usually  submitted  lc  heat  treatment:  the 
middle-alloy  Ni-Hard  (Cr-Ni-Mo)  is  annealed  at  ;-0C-r?c*  to  remove  the 
casting  stresses;  the  hardness  of  the  high-alloy  chrome-iron  (17-28% 
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Cr)  1b  Increased  by  hardening  at  1000-1100®. 

Rollers  for  metal  rolling,  etc.,  and  also  rollers  for  flour-mills, 
wheels  of  railroad-cars,  crusher  jaws,  beaters  of  coal-mills,  and  other 
parts  submitted  to  wear  are  manufactured  from  gray-iron  castings  with  a 
chilled  surface  layer,  the  latter  having  the  pearlite-carbide  structure 
of  white  Iron  (see  Chilled  iron). 

Hlgh-alloy  white  Iron,  known  as  Sormite,  is  build-up  on  the  fric¬ 
tion  surfaces  In  order  to  repair  worn  castings  (Table  6). 


TABLE  6 

Chemical  Composition  and  Hardness  of  the  Sormite  Iron 


♦After  quenching  in  oil  from  870-880®. 

1)  Sormite;  2)  percentage  of  the  elements;  3)  machining;  4)  hard;  3) 
by  abrasives;  6)  soft;  7)  mechanical. 

Sormite  is  built-up  by  an  oxyacetylene  torch  with  a  reducing 
flame  and  without  a  flux.  The  casting  is  heated  up  to  600-700°  and 
cooled  in  the  oven  before  the  welding. 

References :  Hall,  A.M. ,  Nikel'  v  chugune  i  stall  [Nickel  in  Cast 
Iron  and  Steel],  translated  from  English,  Moscow,  1959;  Grozin,  B.D. , 
Iznos  metallov  [Wear  of  Metals],  Kiev,  1951;  Vasilenko,  A. A.  and  Gri- 
gor'yev,  I.S.,  Modifitsirovannyy  chugun  v  mashinostroyenli  [Modified 
Cast  Iron  in  Machine  Building],  Kiev,  1950;  Kudryavtsev,  I.V.  and 
Zhukov,  A. A.,  Kolenchatyye  valy  iz  vysokoprochnogo  chuguna  [Crank¬ 
shafts  of  High-Strength  Cast  Iron],  in  the  book:  Spravochnik  po  mashin- 
istroitel'nym  materialam  [Handbook  of  Machine-Building  Materials], 

Vol.  3,  Moscow,  1959;  Grechin,  V. P. ,  Iznosostoykiye  chuguny  i  splavy 
[Wear-Resistant  Oast  Irons  and  Alloys],  Moscow,  1961;  the  same.  Legiro- 
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vannoye  chugunnoye  lit' ye  [Alloyed  Cast  Iron],  Moscow,  1952;  Berg,  P.P., 
]*)  Chugun  kak  konstruktslonnyy  material  [Cast  Iron  as  a  Structural  Mater¬ 
ial],  in  the  book:  Mashinostroyeniye  [Machine  Building],  an  encyclope¬ 
dic  handbook,  Vol.  4,  Moscow,  1947;  Barton,  R. ,  "BCJRA  Journal,"  i960, 
Vol.  8,  No.  6,  pages  857-882;  Metals  Handbook,  1948,  Cleveland,  1948, 
pages  216-222. 
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WELD  ABUS  ALUMINUM  SHAPING  ALLOYS  -  alloys  which  retain  unaltered 
or  almost  unaltered  mechanical  properties  In  fusion-wSlded  joints  and 
which  have  the  requisite  technological  characteristics  for  fabrication 
of  welded  structures.  Aluminum  shaping  alloys  can  be  divided  Into  those 
which  can  be  hardened  by  heat  treatment  and  those  which  cannot  be  hard¬ 
ened  thermally  (see  Aluminum  shaping  alloys).  Both  groups  are  charac¬ 
terized  by:  ready  oxidizability,  which  leads  to  formation  of  destable, 
hlgh-meltlng  oxide  AlgO^,  which  melts  at  a  temperature  substantially 
higher  than  the  melting  point  of  aluminum  and  1b  Insoluble  in  liquid 
Alj  a  low  melting  temperature  coupled  with  a  rather  high  thermal  con¬ 
ductivity  and  a  high  coefficient  of  thermal  expansion  (>22»10-^);  a 
tendency  toward  formation  of  crystallization  cracks. 

Interaction  between  the  molten  metal  and  gases  is  prevented  by 
welding  in  an  inert  atmosphere  or  under  a  layer  of  flux  (see  Welding 
of  aluminum  alloys). 

A  tendency  toward  formation  of  crystallization  cracks  is  a  speci¬ 
fic  characteristic  of  these  alloys  and  Its  extent  is  determined  by 
their  chemical  composition,  grain  size,  and  strength  and  plasticity  in 
the  solid  and  liquid  states.  The  chemical  composition  of  an  alloy  gov¬ 
erns  its  type,  crystallization-temperature  range,  crystallization  rate, 
strength,  and  plasticity.  Alloys  of  the  eutectic  type  exhibit  little 
tendency  to  crack,  a  narrow  crystallization-temperature  range,  a  slower 
Increase  In  the  quantity  of  crystallized  alloy  at  low  temperatures,  and 
little  tendency  to  absorb  gases;  they  are  fine-grained,  rather  strong, 
and  especially  plastic  at  temperatures  between  the  llquldus  and  room 
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temperature.  The  tendency  to  crack  can  be  reduced  In  certain  alloys  by 
^  |  proper  selection  of  rod  material  and  welding  regime. 

The  structure  of  the  melt  zone  depends  on  the  degree  of  alloying. 

In  low-alloy,  thermally  unhardenable  ligatures  the  melt  zone  usually 
consists  of  dendrites  of  a  supersaturated  aluminum  solid  solution  with 
a  small  number  of  eutectics  arrayed  in  isolated  colonies.  The  strength 
and  plasticity  of  this  structure  are  close  to  those  of  the  base  alloy; 
on  the  whole,  a  Joint  between  thin  weldable  sheets  is  as  strong  as  for 
the  base  alloy.  In  thermally  hardenable  ligatures,  which  are  usually 
highly  alloyed,  the  melt  zone  contains  a  considerable  number  of  eutec¬ 
tics  arranged  along  the  grain  boundaries  and  separating  the  grains.  In 
addition  to  dendrites  of  the  supersaturated  solid  solution.  In  this 
case  the  plasticity  and  strength  of  a  fusion-welded  seam  are  substan¬ 
tially  less  than  those  of  the  deformed,  heat-treated  base  alloy  and  de¬ 
pend  on  the  character  and  form  of  the  eutectic  structure. 

The  structure  of  the  heat-effect  zone  adjoining  the  melt  zone  Is 
an  important  factor  governing  the  properties  of  a  welded  Joint.  Several 
areas  can  be  distinguished  as  the  distance  from  the  melt  zone  increases: 
an  area  of  fusion  of  the  grain  boundaries,  with  considerable  consolida¬ 
tion  of  the  grains,  an  area  of  local  fusion  of  the  individual  struc¬ 
tural  constituents  of  the  alloy,  a  zone  of  overheating,  and  an  area  of 
structural  changes  in  the  solid  phase.  These  changes  negate  the  effects 
of  preliminary  heat  treatment  and  cold  working  of  the  alloy  and  the 
characteristics  of  welded  Joints  in  cold-worked  and  non-cold-worked  al¬ 
loys  are  Identical. 

The  roles  and  states  of  the  three  areas  differ  for  alloys  of  the 
two  groups.  In  thermally  unhardenable  alloys  the  first  area  is  not  ex¬ 
tensive  and  sometimes  is  entirely  lacking,  being  replaced  by  an  area  of 
large  grains  with  local  flashing.  The  third  area  exhibits  no  substan- 
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TABLE  1 

Mechanical  Properties 
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l)  GOST.  TU;  2)  alloy;  3)  state  of  semifinished  product;  4)  kg/m 2;  5) 
GOST;  6)  AD,  ADI:  7)  annealed;  8)  cold-worked;  9)  AMTU;  10)  AMts;  11) 
^  AMg;  12)  STU;  13)  AMg3;  14)  hot-rolled;  15)  the  same:  16)  AMg5V;  17) 
AMgo;  18)  AV;  19)  quenched  and  artificially  aged;  20)  AD31;  21)  AD33; 
22|  quenched,  cold-worked,  and  artificially  aged;  23)  D20;  24)  VAD1; 
25)  quenched  and  naturally  aged;  26)  cold-drawn:  27)  semi-c old-worked; 
28;  annealed  or  extruded;  29)  and.  a)  Sheets;  b)  extruded  shapes;  c) 
hot-rolled  plates;  d)  tubes;  e)  bars;  f)  stampings  and  forgings. 


Change  ii  hardness  over  width  of  welded  Joint:  a)  Melt  zone;  b)  flash 
zone;  c)  area  of  structural  changes  in  solid  phase,  l)  Hardness;  2) 
distance  to  center  of  seam. 


TABLE  2 

Mechanical  Properties  of 
Welded  Joints  (argon-arc 
welding)* 
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^Sheets  2  mm  thick. 

1)  Tejt  temperature  (°C);  2)  oh  of  Joint  (kg/mm2);  3)  AMg3;  4)  AMg5V; 

5)  AMg6;  6)  D20;  7)  VAD1,  0 

tial  structural  changes  and  its  properties  are  the  same  as  those  of  the 
initial  soft  (annealed)  material.  These  factors  explain  why  welded 
Joints  in  soft  alloys  are  equal  in  strength  to  those  in  thermally  un- 
hardenable  alloys.  All  three  areas  are  quite  distinct  in  thermally 
hardenable  alloys.  In  welding  fully  heat-treated  materials  sharp  chang¬ 
es  in  hardness  and  ether  properties  take  place  over  these  areas.  The 
figure  shows  the  change  in  hardness  in  a  welded  Joint.  At  room  tempera- 
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ture  the  weakest  point  In  a  weld  la  the  area  of  grain  fusion,  which 
has  the  lowest  plasticity  and  strength  and  a  low  hardness.  The  second 

e 

area,  that  of  local  fusion,  is  more  plastic  and  has  a  higher  hardness 
as  a  result  of  the  quenching  which  occurs  during  the  heating  and  subse¬ 
quent  cooling  Involved  in  welding.  The  structural  changes  in  the  se¬ 
cond  area  of  the  heat-effect  zone  have  virtually  no  Influence  on  the 
properties  of  the  weld.  The  third  area  (structural  changes  in  the  solid 
phase)  is  marked  by  processes  which  cause  contrasting  changes  In  the 
properties  of  the  alloy:  softening  of  the  material  as  a  result  of  hlgh- 
temperature  annealing  and,  farther  from  the  melt  zone,  hardening  as  a 
result  of  additional  artificial  aging.  The  area  of  softening  usually 
limits  the  strength  of  the  weld  at  elevated  temperatures. 

Thermally  unhardenable  alloys  can  be  divided  into  two  groups: 

1)  technical  aluminum  (ADI,  AD)  and  aluminum-manganese  alloys  (AMts); 

2)  magnallum  (AMgl,  AMg2,  AMg3,  AMg5  and  AMg6).  The  mechanical  and 
technological  properties  of  weldable  aluminum  shaping  alloys  are  shown 
In  Tables  1-3 . 

Types  ADI  and  AD  technical  aluminum  and  the  aluminum-manganese  al¬ 
loy  AMts  have  high  plasticity,  good  corrosion  resistance,  and  good 
weldability,  but,  because  of  their  low  strength,  cannot  be  used  r^r 
structural  bearing  elements.  Additional  hardening  can  be  obtained  by 
cold-working,  but  the  effect  of  this  process  Is  completely  negated  In 
the  heat-effect  zone  during  welding.  Technical  aluminum  and  AMts  alloy 
weld  well  In  thin  sheets,  but  large  sheets  sometimes  exhibit  a  tendency 
to  crack  as  a  result  of  the  Inevitable  Impurities  of  Fe  and  Si. 

Magnallum  is  the  principal  weldable  structural  material.  It  is 
widely  used  in  construction,  for  low-stress  welded  structural  elements 
(AMg2,  AMg3)  and  Important  bearing  member*  (AMg5V,  AMg6)  in  alrcraft- 
snd  ship-building,  and  as  a  decorative  material.  It  Is  rather  strong 
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and  capable  of  withstanding  impact  loads.  Diffusion  in  Al-Mg-Mn  alloys 
proceeds  slowly,  so  that  the  supersaturated  a  SQlld  solution  and  eutec- 
told  phases  persist.  The  properties  of  magnallum  depend  to  a  large  ex¬ 
tent  on  the  presence  of  Si,  Pe,  and  Na.  Pe  and  Si  form  inteimetalll ; 
compounds,  which  reduce  the  corrosion  resistance  of  the  alloy.  AMgl, 
AMg2,  AMg5V  and  AMg6  alloys  have  a  high  corrosion  resistance  under  at¬ 
mospheric  conditions  and  on  exposure  to  fresh  and  salt  water,  but  al¬ 
loys  containing  more  than  5#  Mg  (AMg5V  and  AMg6)  exhibit  a  tendency  to¬ 
ward  corrosion  cracking  under  stress  and  toward  intercrystalline  corro¬ 
sion  on  prolonged  exposure  to  sunlight  if  there  is  any  departure  from 
the  established  annealing  regime.  The  production  technology  of  these 
alloys  Involves  a  number  of  difficulties:  a  tendency  toward  formation 
of  large  grains  during  casting,  which  can  be  overcome  by  Introducing 
Tl,  V  or  Zr  Into  the  alloy  (see  Modification  of  alloys),  and  ready  oxi¬ 
dizability  during  melting,  casting,  and  heat  treatment,  which  leads  to 
stratification  In  sheets  and  plates.  The  tendency  toward  oxidation  cur 
be  reduced  by  adding  beryllium.  The  alloys  of  this  group  also  exhibit  a 
tendency  toward  intradendrltic  and  lnterdendrltlc  porosity.  It  has  beer 
established  that  magnallum  is  extremely  sensitive  to  impurities  of  Na, 
which  hamper  hot-working  under  pressure  and  reduce  corrosion  resistance. 
The  presence  of  O.OOl£  Na  in  alloys  containing  more  than  2 Mg  causes 
leva!  cracking  during  rolling,  while  a  Na  content  of  0.008)1  causes  the 
ngots  to  crumble.  Crystallization  cracking  during  fusion  welding  can 
ce  eliminated  and  the  Cermet iclty  of  the  weld  increased  by  additional 
alloying  (silicon  reduces  cracking  in  AMg3  alloy)  or  proper  selection 
of  rod  material  and  welding  regime.  Annealing  la  the  only  type  of  heat 
treatment  to  which  magnallum  is  subjected.  Despite  its  comparatively 
high  strength,  which  results  from  its  Mg  content,  magnallum  has  a  low 
yield  strength  and  hot  strength.  Additional  hardening  at  room  teKpcru- 
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ture  can  be  obtained  by  cold  working.  The  Increase  In  strength  on  cold 
working  Is  greater  for  the  hlgh-magnesium  alloys  AMg5V  and  AMg6.  The 
tendency  toward  cold  working  Increases  with  the  Mg  content,  reducing 
plasticity  and  hampering  cold-deformation  processes  (rolling,  stamping, 
bending,  and  flanging),  Magnalium  has  the  highest  weld  plasticity  and 
strength-retention  coefficient  of  any  high-strength  structural  alloy. 

At  room  temperature  the  strength  of  welded  joints  amounts  to  90-95#  of 
that  of  the  base  material. 

Thermally  unhardenable  alloys  (AD31,  AD33>  D20,  VAD1,  M40  and  AV) 
have  the  specific  welding  characteristics  noted  above. 

D20  alloy  is  good  for  all  types  of  welding,  but  the  welds  have  a 
low  corrosion  resistance  and  must  be  protected  with  varnish  coatings. 

It  has  little  tendency  to  crack.  Welded  Joints  have  a  strength  equiva¬ 
lent  to  70#  of  that  of  the  base  material  (approximately  90#  after  re¬ 
peated  quenching  and  natural  aging).  Weld  plasticity  is  comparatively 
low,  which  makes  It  difficult  ^0  align  welded  structures. 

VAD1  alloy  belongs  to  the  duralumin  group  and  Is  good  for  argon- 
arc  welding  and  satisfactory  for  contact  welding.  For  joints  in  weld¬ 
able  sheets  2  mm  thick  o^  is  approximately  80#.  Such  Joints  have  a  low 
corrosion  resistance  and  tend  to  intercrystalline  corrosion.  Quenching 
of  the  joint  improves  its  corrosion  resistance  and  eliminates  the  in- 
tercrystalline  corrosion.  It  can  be  protected  against  corrosion  by 
anodizing  and  varnish-coating.  This  alloy  is  recommended  for  welded 
structures  which  must  function  at  250-300°. 

M40  alloy,  which  has  properties  similar  to  those  of  duralumin,  is 
good  for  spot  welding  and  satisfactory  for  argon-arc  welding.  When  the 
base  material  is  used  for  the  rod  this  alloy  has  little  tendency  to 
crack  and  provides  satisfactory  weld  plasticity.  Use  of  a  AMg6  rod  im¬ 
proves  plasticity,  but  intensifies  cracking.  The  ultimate  strength  of 
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TABLE  3 

Technological  Characteristics 
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l)  Alloy;  2)  hardening  method;  3)  heat-treatment  regime;  4)  weldability; 
5)  bending  angle  of  welded  joint*  (degrees);  6)  ADI,  AD;  7)  cold  work¬ 
ing;  8)  annealing  at  850-410°,  air-cooling;  9)  good  for  all  types  of 
welding;  10)  AMts;  11)  excellent  for  all  types  of  welding:  12)  AMg;  13) 
good  for  spot  and  bead  welding;  crystallization  cracking  occurs  during 
fusion  welding  and  can  be  eliminated  by  use  of  a  AMg3  rod;  14)  AMg3; 

15)  annealing  at  270-280°,  air-cooling;  16)  AMg5V;  17)  good  for  spot 
and  bead  welding,  satisfactory  for  fusion  welding;  18 )  AMg6;  19)  an¬ 
nealing  at  300-350°,  air-cooling;  20)  good  for  argon-arc  welding,  sat¬ 
isfactory  for  spot  and  gas  welding;  21)  quenching,  artificial  aging, 
and  cold  working  (sheets,  shapes);  22)  1  -  quenching  from  505  +  7°,  wa¬ 
ter-cooling,  and  artificial  aging;  2  -  annealing  at  380-420°,  slow 
cooling  to  270-280°,  followed  by  air-cooling;  23)  good  for  spot  welding, 
satisfactory  for  argon-arc  welding;  24)  D20;  25)  quenching  and  artifi¬ 
cial  aging;  26)  1  -  quenching  from  535  +  5°  and  artificial  aging  at 
165-175“  for  10-16  hr  or  at  200-220°  for  12  hr;  2  -  annealing  at  350- 
370°  and  air-cooling;  27)  good  for  spot,  bead,  and  argon-arc  welding; 

28)  AV;  29)  quenching  and  aging;  30)  1  -  quenching  from  515-525°,  water¬ 
cooling.  natural  or  artificial  aging  at  150°  for  6  hr;  2  -  annealing  at 
350-370  ,  air-cooling;  31)  good  spot  and  atomic-hydrogen  welding,  sat¬ 
isfactory  gas  welding  with  AK  rod;  32)  AD31,  AD33;  33)  1  -  quenching 
from  520  +  5°»  water-cooling,  and  natural  or  artificial  aging  at  l60° 
for  12  hr  (AD31)  or  16  hr  (AD33),*  2  -  annealing  at  380-420°,  cooling  at 
30°  per  hr  to  260°,  followed  by  air-cooling;  34)  good  for  spot  and  bead 
welding,  satisfactory  for  argon-arc  welding  with  AK  rpd;  35)  VAD1;  36) 
quenching  and  natural  aging;  37)  quenching  from  510+2o>  water-cooling, 
and  natural  aging  for  no  less  than  10  days;  38)  goocPfor  argon-arc 
welding,  satisfactory  for  spot  and  bead  welding. 


welded  Joints  is  80-90#  of  that  of  the  quenched  and  artificially  aged 
base  material.  V/elds  can  be  protected  against  corrosion  by  varnish¬ 
coating.  This  alloy  is  recommended  for  welded  structures  which  must 
function  at  temperatures  of  up  to  250°. 

Alloys  AD31,  AD33  and  AV  are  Al-Mg-Si  systems.  AV  alloy  is  good 
for  spot  welding,  but  has  a  tendency  toward  crystallization  cracking  in 
argon-arc  welding,  which  can  be  eliminated  by  use  of  AK  rod  (4.5-6# 

Si  and  the  remainder  Al);  however,  in  the  latter  case  it  is  impossible 
to  obtain  a  uniform  color  in  the  seam  and  base  metal  after  anodizing. 
The  strength  of  a  Joint  not  subjected  to  subsequent  heat  treatment 
amounts  to  60#  of  that  of  the  base  material.  AD31  and  AD33  alloys  con¬ 
tain  the  same  constituents  as  AV,  but  have  a  higher  plasticity  and  cor¬ 
rosion  resistance  and  a  highly  decorative  appearance  (AD31).  They  are 
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good  for  spot,  bead,  and  butt  welding  and  satisfactory  for  argon-arc 
and  gas  welding  when  AK  rod  (5$  Si)  is  used.  The  weld  strength  amounts 
to  60-70$  of  that  of  the  base  material  and  can  be  raised  to  90-95$  by 
subsequent  quenching  and  aging.  Use  of  AK  alloy  as  the  rod  material 
gives  the  weld  a  dark  color  after  anodizing.  Butt  welding  without  a  rod 
Is  recommended  for  production  of  finished  products  with  a  good  decora¬ 
tive  appearance. 

The  rod  material  should  improve  the  melting  characteristics  of  the 
metal  to  be  welded,  ensure  sufficient  weld  strength  and  technological 
plasticity,  maintain  or  improve  the  corrosion  resistance  of  the  r  it al 
in  the  seam,  and  cause  minimal  changes  in  the  microstructure  of  the  me¬ 
tal  in  the  area  adjoining  the  weld.  On  the  basis  or  the  requirements 
imposed  on  the  rod  material  the  melting  temperature  of  the  rod  should 
be  less  than  that  of  the  metal  to  be  welded,  decrystallization-tempera¬ 
ture  range  for  single-phase  alloys  should  be  reduced,  and  sufficient 
eutectic  or  peritectlc  liquid  should  be  formed  to  reduce  tne  alloy's 
tendency  toward  hot  cracking.  Alloys  containing  20-40$  eutectic  struc¬ 
tures  are  the  most  resistant  to  crystallization  cracking.  Alloys  con¬ 
taining  5-10$  eutectic  liquid  and  having  a  very  broad  crystallization- 
temperature  range  exhibit  the  greatest  tendency  toward  cracking.  In  or¬ 
der  to  ensure  sufficient  weld  strength  and  technological  plasticity  an 
attempt  should  be  made  to  obtain  alloyt  with  the  lowest  possible  eutec¬ 
tic  content  (when  the  phase  composition  and  the  size  and  shape  of  the 
phases  in  the  eutectics  are  favorable). 

Aluminum  and  its  alloys  can  be  welded  with  rods  of  the  same  compo¬ 
sition  as  the  base  material.  This  is  true  of  pure  Al  and  of  Al-Mn  (up 
to  1.25$)  alloys.  Rods  containing  >5$  Mg  or  fabricated  from  AMg3  or  AK 
alloy  are  recommended  for  alloys  of  the  magnalium  type,  which  contain 
irom  2  to  7$  Mg.  Reds  of  AMg3  and  AK  alloys  eliminate  cracking,  but  re- 
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duct  the  corrosion  resistance  of  the  weld  and  cause  deterioration  cf 
its  appearance.  Rods  of  Al-Si  alloys  are  recommended  for  welding  AV, 
AD31>  and  AD33  alloys,  ensuring  a  Si  content  of  no  less  than  2.5^  in 
the  weld.  In  welding  high-alloy,  thermally  hardened  high-hot-strength 
alloys  it  is  necessary  to  use  the  requirements  described  above  as  a 
basis  for  experimental  determination  of  the  rod  material  which  ensures 
welds  with  the  requisite  complex  of  physical,  chemical  and  technologi¬ 
cal  characteristics. 

References ;  Zolotorevskiy,  Yu.S.,  Svarivayushchivesya  alyuminlyevye 
splavy  [Weldable  Aluminum  Alloys],  Leningrad,  1959;  Voronov,  S.M. ,  De- 
formiruyemyye  alyumlniyevyye  splavy  [Aluminum  Shaping  Alloys],  Moscow, 
1951;  Novikov,  I. I.,  0  vliyenii  skorosti  okhlazhdeniya  pri  kristalliz- 
atsil  na  kolichestvo  evtektiki  v  alyuminiyevykh  splavakh,  [Influence  of 
Cooling  Rate  During  Crystallization  on  Quantity  of  Eutectic  in  Aluminum 
Alloys,  IAN  SSSR  OTN,  Metallurgiya  1  toplivo  [Metallurgy  and  Fuels], 
1961,  No.  1;  Mordvintsev,  L.A. ,  Tekhnologiya  svarki  1  payki  [Welding 
and  Soldering  Techniques],  Moscow,  1957;  Svarka  tsvetnykh  metallov  i 
splavov  [Welding  Non-Ferrous  Metals  and  Alloys],  collection  of  articles, 
Moscow,  1961 ;  Ransley,  C.E. ,  Talbot,  The  Snbrittlement  of  Alumi¬ 

num-magnesium  Alloys  by  Sodium,  J.  Inst.  Metals,  1959-60,  Vol.  88,  Part 
4,  pages  50-58. 
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WELDABLE  TITANIUM  SHAPING  ALLOYS  -  alloys  which  weld  well  by  ar¬ 
gon-shielded  and  other  welding  method;  here  the  strength  and  plasticity 
of  the  welded  joint  are  close  to  these  properties  of  the  base  metal. 
Heat  treatment  after  welding,  as  a  rule,  is  not  required,  only  anneal¬ 
ing  is  performed  to  relieve  stresses  produced  in  the  welding  process. 
Among  weldable  titanium  shaping  alloys  are:  VT1-00,  VT1-0,  VT-1,  VT-2, 
0T4-1,  0T4,  VT4,  VT5,  VT5-1,  VToS,  VT6,  0T4-2,  AT-3,  AT-4.  These  are 
single-phase  alloys  with  the  a  phase  as  a  base  (VT1-00,  VT1-0,  VT1-1, 
VT1-2,  VT5,  VT5-1)  or  they  have  as  their  base  the  a  structure  with  a 
moderate  amount  of  the  p  phase  (0T4-1,  0T4,  VT4,  AT-3,  AT-4,  VT6s,  VT6, 
0T4-2),  which  do  not  perceptibly  affect  the  weldability. 


TABLE  1 

Mechanical  Properties  of  Weldable  Titanium  Shaping 
Alloys* 
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♦Annealed  sheets  2  mm  thick. 

**In  testing  the  VT1-00,  VT1-0,  VT1-1  and  VT1-2  alloys 
the  mandrel  radius  is  equal  to  one  sheet  thickness; 
for  other  alloys  it  is  equal  to  one  and  one  half  sheet 
thickness  (OST  1683). 

1)  Alloy:  2)  technical  specifications:  3)  (kg/fom2);  4)  bending  angle** 
(degrees);  5)  not  more  than;  6)  VT;  7}  Vt6S;  8)  AMTU;  9)  STU. 
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TABLE  2 

Mechanical  Properties  of  Voidable  Titanium  Shaping  Alloys  at  Various 
Temperatures  (*C) 


**Bic  first  number  pertains  to  longitudinal  specimens,  the  second  is 
for  transverse  specimens. 

***Forged  bar  stock. 

****The  endurance  limits  were  determined  In  uniform  flexing  of  a  rota¬ 
ting  specimen  for  2*10?  cycles. 

1)  Alloy;  2)  (kg/mm2);  3)  Tsr  (kg/tom2);  4)  kgm/cm2);  5)  VT1-1  (sheets 
and  bar  stock);  6)  VT1-2  (sneets  and  bar  stock);  7;  (sheets);  8)  VT5 
(bar  stock  and  forgings);  9)  VT5-1  (sheets,  forgings  and  standings); 
10)  (sheets  and  bar  stock). 


TABLE  3 

Creep  Resistance  (on  the  Baals  of  0.2£  Deformation) 
and  the  Creep  Strength  of  Weldable  Titanium  Shaping 
Alloys  at  Different  Temperatures  (#C) 
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♦For  50  hours. 

1)  Alloy;  2)  (kg/m2);  3)  (sheets);  4)  VT5  (bar  stock  and  forgings); 
5)  VT5-3  (sheets,  forgings  and  stampings). 


Fig.  1.  Temperature  dependence  of  the  dynamic  modulus  of  elasticity. 
1)  The  0T4-1  alloy;  2)  the  VT1-1,  VT1-2,  0T4,  VT5  and  VT5-1  alloys. 
A),  kg/an2. 
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TABLE  4 

Thermal  Conductivity  of  Weldable  Titanium  Shaping 
Alloys 
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Weldable  titanium  shaping  alloys  are  made  primarily  in  the  form 
of  sheets,  ribbons,  strips,  bar  stock,  shapes,  pipes,  wire,  as  well  as 
forgings  and  stampings.  The  VT5  alloy  is  only  to  be  used  for  forgings, 
stampings,  bar  stock  and  shaped  stock.  For  the  chemical  composition  of 
weldable  titanium  shaping  alloys  see  Titanium  alloys. 

The  mechanical  properties  of  alloys  at  roan  temperature  are  pre¬ 
sented  in  Table  1.  According  to  technical  specifications,  as  the  sheet 
thickness  increases  (from  0.5  to  10  mm)  a  certain  reduction  in  6  and 
in  the  bending  angle  is  permitted;  should  be  the  same  for  all  tne 
sheets.  The  mechanical  properties  of  forgings  and  stampings  (AMTU  487- 
C0)  and  rolled  bar  stock  ( AMTU  451-59)  frc**»  weldable  titanium  shaping 
alloys  are  approximately  the  same  as  those  of  sheets. 

The  VT1-1,  VT1-2,  0T4-1  and  0T4  alloys  are  made  for  making  pipes 
with  diameters  from  6  to  m  and  with  wall  thicknesses  from  1  to  2  mm 
(AMTU  ?86-*‘9)»  The  mechanics!  properties  of  pipes  are  close  to  the  pro¬ 
perties  of  sheets  from  these  alloys.  The  VT1-1,  0T4  and  rf5  alloys  are 
used  for  -nuking  wire  which  is  utilised  as  an  Additive  in  argon- shield¬ 
ed  arc  welding  .and  other  veiling  methods.  The  wire  diameter  varies 
f ran  1.2  to  7.  0  mm  (AMTV  41*2*59). 

Typical  mechanical  properties  of  the  VT1-1,  VT1-2,  0T4-1,  0T4, 
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VT5,  AT-3,  AT-4  and  VT5-1  alloys  at  various  temperatures  are  presented 
In  Table  2.  In  static  tension  these  alloys  are  Insensitive  to  stress 
concentrations  in  the  presence  of  a  sharp  notch  (a^  =  6.5).  When  the 
test  temperature  is  raised  from  20  to  400°  the  endurance  limit  is  re¬ 
duced  on  the  average  by  b0%.  The  above  alloys  are  characteristic  by  an 
insignificant  effect  of  temperature  and  time  on  the  rufture  strength 
(creep  strength)  and,  conversely,  by  a  strong  effect  of  these  factors 
on  the  creep  resistance  (Table  3).  The  dynamic  modulus  of  elasticity 
of  weldable  titanium,  shaping  alloys  is  insignificantly  dependent  on 
the  temperature  (Pig.  1).  The  Poisson  ratio  for  these  alloys  comprises 
0.33-0. 34.  For  typical  mechanical  properties  of  the  VT4,  VT6S,  VT6, 
and  OT4-2  alloys  see  also  Medium  strength  titanium  shaping  alloys. 

Weldable  titanium  shaping  alloys  have  the  following  physical  pro¬ 
perties:  the  specific  gravity  varies  within  the  limits  4.52-4.55,  the 
thermal  conductivity  is  given  In  Table  4. 

Linear  expansion  coefficient  a* 10^  (cC"1)  of  the  0?4  alloy  com¬ 
prises:  8.0  (20-100° );  8.6  (100-200°);  9*1  (200-300°);  9.6  (300-400°); 
9.4  (400-500°);  9.8  (500-600°).  Specific  heat  c  (cal/g-°C)  is  0. 14 
(100°);  0. 14  (200°);  0.15  (300°);  0. 16  (400°);  0.16  (500°)  and  0. 19 
(6oO°).  The  valuta  wX  u  ana  c  for  other  weldable  titanium  alloys  are 
close  to  tr.ose  given  for  the  0T4  alloy.  The  specific  electrical  resis¬ 
tivity  p  (ohm-mm^/m)  at  20°  is  0.48  for  the  VT1-1  alloy,  1.08  for  the 
7T5  alloy  and  1. 38  for  the  VT5-1  alloy.  For  the  physical  properties 
of  the  VT6s»  VT4,  VT6  arid  0T4-2  alloys  see  Medium  strength  titanium 
shaping  alloys. 

Weldable  titanium  shaping  alloys  have  a  high  corrosion  resistance 
in  the  majority  of  aggressive  media  (see  Titanium).  In  the  hot  state 
alleys  VT1-Q0,  VT1-G,  VT1-1,  VT1-2,  0T4-1,  0T4,  VT6S,  VIS*.  AT- 3,  AT- 4 
have  a  good  and  alloys  VT5#  VT5-1  and  0T4-2  have  a  satisfactory  plas- 
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tieity. 

The  temperature  range  of  hot  p re s sure wording  (forging,  roiling) 
comprises  1000-750°  for  the  VT1-00,  VTi-0,  VTl-i,  VTl->  ana  0T'*-1  al¬ 
loys;  1100-850°  for  the  0T4,  VT5,  VT5-1,  AT-3,  AT-4,  VT6 S,  VTa,  and 
VT6  alloys  and  1150-900°  for  OT^-2.  The  regimes  and  methods  of  ingot 
and  billet  heating  and  the  forging  technology  of  these  alloys  are  given 
in  Heat  resistant  titanium  shaping  alloys. 

Finished  sheets  from  weldable  titanium  shaping  alloys  are  obtain¬ 
ed  by  hot  rolling  in  the  temperature  range  of  750-500“  or  by  cold  roll¬ 
ing  of  hot  rolled  blanks  10-6  mm  thick,  he  degree  of  deformation  per¬ 
mitted  in  cold  pres sure working  of  the  VT1-0  and  VT1-00  alloys  is  50- 
80$  and  for  the  VT1-1,  VT1-2,  0T4-1  and  0T4  alloys  it  is  30-50#  (cold 
rolling  deformation). 

Weldable  titanium  shaping  alloys  are  used  extensively  for  making 
components  by  stamping  from  sheets,  bending  and  other  pressureworking 
methods.  The  main  sheet  stamping  operations  (extrusion,  bending, 
flanging,  etc. )  of  the  VT1-00,  VT1-0,  7T1-1,  VT1-2,  0T4-1  and  0T  al¬ 
loys  are  performed  in  the  cold  state.  Stamping  of  components,  particu¬ 
larly  of  intricate  shape,  can  be  performed  in  several  passes  with  in¬ 
termediate  annealing  or  by  preheating  the  metal  to  550-750°.  When  the 
degree  of  deformation  is  moderate,  certain  operations  for  meet  stamp¬ 
ing  of  components  is  moderate,  certain  operations  for  sheet  stamping 
of  components  from  the  VT5-1,  TO,  V?6,  VT6S  and  (TO-2  alloys  can  be 
performed  in  tne  cold  state.  However,  the  majority  of  operations  re¬ 
quires  heating  to  500-800*.  The  machining  (turning,  milling,  drilling, 
etc. )  regimes  are  the  same  as  for  machining  stainless  steels. 

The  VT1-0G,  VT1-1,  VT1-0,  VT1-2,  0T4-1,  TO,  VT_>,  VT5-1,  TO,  AT* 

3,  AT-**,  VTbS  and  TO-2  alloys  weld  well  by  all  welding  methods  used 
for  titanium.  The  molten  titanium  actively  reacts  with  the  atmosphere 
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dissolving  oxygen  and  nitrogen.  Hence  titanium  and  titanium  alloys  can 
be  welded  only  when  the  molten  and  the  adjoining  heated  zone  are  pro¬ 
tected  from  the  surrounding  medium.  This  is  achieved  by  welding  in  a 
medium  of  neutral  gases  (argon,  helium  or  their  mixture)  or  in  a  va¬ 
cuum  chamber. 

Blanks  and  components  with  large  cross  sections  are  welded  by  sub 
merged  arc  and  molten  slag  arcless  electric  welding  (butt  joints). 
Sheets  and  components  made  from  them  are  welded  by  resistance  (spot, 
seam)  and  argon- shielded  arc  welding.  The  latter  can  be  achieved  with 
and  without  the  use  of  a  welding  rod.  For  short  and  curvilinear  seams 
in  materials  with  thickness  less  than  1.  5  mm  use  is  made  primarily  of 
manual  welding  without  a  welding  rod,  while  it  is  recommended  that  cur 
vilinear  seams  in  material  thicker  than  1.2-1. 5  mm  be  made  by  using  a 
welding  rod.  Automatic  argon-shielded  arc  welding  without  a  welding 
rod  is  used  for  butt  joining  sheets  0. 8-3.0  mm  thick  by  longitudinal 
and  annular  seams.  Mechanised  argon-shielded  arc  welding  using  a  weld¬ 
ing  rod  is  used  for  all  types  of  joints  more  than  1.2-1. 5  mm  thick  by 
longitudinal  and  annular  seams.  Automatic  arc  consumable  electrode 
welding  is  used  for  connecting  sheets  3  mm  thick  by  butt  and  lap  joint 
using  longitudinal  and  annular  welds.  Automatic  welding  always  yields 
a  joint  of  higher  quality  than  manual  welding.  In  argon- shielded  arc 
welding  use  is  made  of  a  nonconsumable  tungsten  electrode,  and  the  fll 
ler  mate  rial  is  wire  or  a  strip  of  the  alloy  being  welded  or  from  an 
alloy  which  is  somewhat  less  alloyed.  Thus,  it  is  recommended  that  the 
VT1-1  or  0T4-1  alloy  be  used  as  the  filler  material  when  welding  the 
0T4-1  alloy,  that  the  VT1-1  or  0T4-1  alloy  be  used  as  filler  for  weld¬ 
ing  the  0T4  alloy,  etc.  (see  Welding  of  titanium  alloys). 

The  strength  and  plasticity  of  joints  made  bj  argon-shielded  arc 
welding  are  practically  the  same  as  those  of  the  base  materials  (it  is 
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assumed  in  calculations  that  the  strength  of  welded  joints  is  equal  to  j 
90-95$6  of  the  strength  of  the  base  material).  As  the  test  temperature  1 

k 

\ 

in  testing  welded  joints  is  increased  the  seam  weakening  coefficient  \ 

I 

does  not  change.  The  shearing  strength  of  a  welded  spot  5  nun  in  diame-  1 

! 

ter  obtained  by  resistance  welding  of  sheets  2  mm  thick  comprises: 

1450  kg  for  the  VT1-1  alloy,  1500  kg  for  the  VT1-2  alloy,  1550  kg  for 
the  0T4-1,  1650  kg  for  the  0T4,  1750  kg  for  the  VT4,  1800  kg  for  the 
VT5-1  and  1800  kg  for  the  0T4-2  alloy.  The  static  endurance  of  welded 
joints  depends  to  a  large  extent  on  the  weld  type  (Fig.  2). 


Fig.  2.  Static  endurance  in  assymetric  tension  of  welded  specimens  frcm 
the  0T4  and  VT5-1  alloys  ( am±n/ °maks  =  0’1)*  !)  Fusion  welding;  2)  seam 

welding.  A)  omaks>  kg/mm2;  B)  mm;  C)  VT5-1. 


To  relieve  internal  stresses  which  arise  on  machining,  sheet  stamp¬ 
ing,  welding  and  other  kinds  of  processing,  the  components  are  anneal¬ 
ed  for  3O-6O  min  at  the  following  temperatures:  465°  (the  VT1-00,  VT1-0, 
VT1-1,  VT1-2  alloys),  565°  (0T4),  600°  (VT6S,  VT6),  620°  (VT5-1,  0T4- 
2).  To  remove  hardening,  semifinished  sheet  products  are  annealed  at 
\  temperatures:  53O0  (VT1-00,  VT1-0,  VT1-1,  VT1-2),  650°  (0T4-1),  67O0 
(0T4),  700°  (VT4,  0T4-2),  750°  (VT5-1)  and  800°  (VToS).  The  annealing 
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time  for  sheets  up  to  1. 5  mm  thick  is  limited  to  20-25  min,  for  sheets 
1.5-5. 0  mm  thick  it  is  30  min  for  thicker  sheets  the  annealing  time  is 
40-60  min.  The  annealing  temperature  for  forgings,  stampings  and  bar 
stock  is  by  50-100°  higher  than  for  sheets.  The  annealing  time  depends 
on  the  maximum  cross  section  of  the  semifinished  products  or  components. 
If  the  material  from  which  the  components  or  semifinished  products  are 
made  contains  an  elevated  quantity  of  hydrogen  (above  0.015#),  then  it 
is  recommended  that  it  be  removed  by  annealing  at  700-800°  in  vacuum 
not  less  than  10"  3  mm  of  Hg  for  1-2  hours.  Weldable  titanium  shaping 
alloys  are  distinguished  by  good  thermal  stability,  i.  e.,  their  mechan¬ 
ical  properties  remain  unchanged  under  service  conditions  at  tempera¬ 
tures  up  to  550°.  Alloys  of  the  given  group  are  used  for  making  pro- 

|  ducts  operating  for  extended  periods  of  time  at  temperatures  up  to  350- 

! 

■450°  and  made  by  welding  as  well  as  stamping,  bending  *nd  other  pres¬ 
sureworking  methods.  Sheets  are  used  for  sheathing  of  aircraft  as  well 
as  in  chemical  machine  building  for  making  vessels,  filters,  coils,  au¬ 
toclaves,  heat  exchangers,  pipelines  where  high  corrosion  resistance 
is  needed. 

References:  see  at  the  end  of  article  Titanium  alloys. 

S.G.  Glazunov,  V.  N.  Moiseyev  and  Yu.  S.  Danilov 
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WELDABLE  WROUGHT  MAGNESIUM  ALLOYS  are  magnesium  alloys  which  are 
applicable  for  the  production  of  weld  details  and  structural  components. 
As  a  result  of  the  high  affinity  of  magnesium  and  its  alloys  for  oxygen, 
and  also  the  great  difference  of  the  specific  weights  of  liquid  magnes¬ 
ium  and  its  oxide  (1.65:3*65),  which  hinders  the  removal  of  the  oxides 
from  the  seam  melt  zone,  during  fusion  welding  it  is  necessary  to  pro¬ 
vide  effective  protection  of  the  weld  zone  from  contact  with  the  oxygen 
in  the  air.  The  wide  crystallization  range  of  the  majority  of  the  mag¬ 
nesium  alloys  (Ti  ble  1)  leads  to  the  formation  of  crystallization  cracks 
during  welding.  Only  the  MAI  alloy  (having  the  narrowest  crystallizat¬ 
ion  range)  is  satisfactorily  gas  welded,  while  gas  welding  of  the  MA8 

Slight  additions  of  cerium  (MA8  al¬ 
loy)  and  calcium  (MA9  alloy)  to  the  MAI 
alloy  impair  its  weldability  consider¬ 
ably. 

Gas  welding  of  the  alloys  of  the 
Mg-Al-Zn-Mn  system  in  the  presence 
of  up  to  about  5$  A1  and  up  to  1%  Zn  is 
difficult,  and  with  increase  of  their 
content  is  practically  impossible.  All 


alloy  is  less  satisfactory. 
TABLE  1 

Crystallization  Ranges  of 
Some  Weldable  Wrought  Mag¬ 
nesium  Alloys 


1 
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3  IlMH  -1 

6  3" 

400 
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1)  Alloy;  2)  liquidus  tem¬ 
perature;  3)  solidus  tem¬ 
perature;  4)  crystalliza¬ 
tion  range;  h)  VMbS-l. 


the  industrially  used  magnesium  alloys  with  the  exception  of  the  VM65-1 
alloy  can  be  argon-arc  welded.  The  high  zinc  content  in  this  alloy  cau¬ 
ses  a  wide  crystallization  range  and  the  formation  of  cracks  during 
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welding.  This  method  is  more  satisfactory  for  the  alloys  MAI,  MA2,  MA2-1, 
MA8  and  MA13,  which  can  be  used  for  the  fabrication  of  complex  weld  de¬ 
tails  and  structural  components.  The  VMD1  alloy  welds  satisfactorily 
and  can  be  used  for  less  complex  weld  details  and  components.  The  MA11 
alloy  has  a  high  tendency  to  crack  formation  during  welding.  Only  de¬ 
tails  of  simple  form  can  be  welded  from  the  alloys  MA9,  MA10,  MA3,  MA5 
and  VM17.  Use  of  fluxes  or  inert  media  to  protect  the  metal  from  oxid¬ 
ation  is  not  required  in  resistance  spot  and  seam  welding  of  the  mag¬ 
nesium  alloys;  these  forms  of  welding  do  not  lead  to  any  difficulties 
in  application.  The  alloys  which  are  easily  argon-arc  welded  are  also 
easily  resistance  welded  (Table  2). 

The  low  relative  strength  of  weldments  of  the  alloys  MAI,  MA8  and 
MA13  is  explained  by  the  grain  growth  in  the  heat  affected  tone,  which 
is  not  observed  in  the  alloys  MA2  and  MA2-1  of  the  Mg  -  A1  -  Zn  -  Mn 
system.  The  high- temperature  strength  of  weldments  of  the  MA13  alloy 
made  using  filler  of  the  same  alloy  is  equivalent  to  the  strength  of 
the  parent  material.  When  welding  with  a  filler  of  the  magnesium- thor¬ 
ium  alloy  with  zinc  and  zirconium  (Mg  +  3*  3$  Th  +  2. 7%  Zn  4-  0.7%  Zr) 
the  relative  strength  of  the  weldments  at  room  temperature  is  95-100% 
of  the  parent  material  but  is  reduced  at  elevated  temperatures.  The 
strength  of  weld  Joints  of  the  MAI,  MA8  and  MA13  alloys  can  be  increas¬ 
ed  by  20-30%  by  peening  the  weld  seam. 

The  relative  strength  of  spot  welds  of  the  MAI  and  MA8  alloys  with 
machine  welding  using  alternating  current  is  70-76%  -  about  50%  when 
welding  on  a  condenser  machine  and  about  30%  when  welding  on  an  elect¬ 
romagnetic  machine  (Table  3).  This  reduction  is  associated  with  liqua¬ 
tion  of  the  manganese. 


U.I-8M2 

TABLE  2 

Relative  Strength  of  Weld 
Joints*  (o,  of  weld  seam/ 
ob  of  parent  material). 


The  U-strength  of  weld  spots  is  on 
the  average  from  50#  (for  thin  sheet)  up 
to  80#  (for  thick  sheet)  of  their  shear 
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1)  Alloy;  2)  form  of  weld¬ 
ing;  3)  relative  strength; 
4)  gas;  5)  agron-arc;  6) 
same. 


TABLE  3 


strength.  The  endurance  limit  in  bending 
of  weld  spot  joints  made  from  the  MA8  al¬ 
loy  is  reduced  up  to  50#  from  the  endur¬ 
ance  limit  of  the  parent  metal.  Just  as 
in  the  case  of  argon-arc  welding,  the 
low  relative  strength  of  these  alloys  is 
explained  by  the  formation  of  a  coarse 
crystalline  structure  in  the  thermally 
affected  zone.  The  strength  and  the  fat¬ 
igue  limit  of  the  spot  weld  joints  can 
be  improved  by  plastic  deformation  (peen- 


Shear  Strength  of  Weld 
Spots  Made  on  Alternating 
Current  Machines 
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ing).  The  alloys  which  are  not  prone  to 
formation  of  coarse-crystalline  struc¬ 
ture  have  higher  relative  strengths  and 
endurance  limits. 

References:  see  article  Wrought  Mag¬ 
nesium  Alloys 


1)  Sheet  thickness  (mm); 

2}  diameter  of  spot  nucleus 
(ran):  3)  failure  loan  on 
weld  spot  (kg);  U)  alloy. 


A. A.  Kazakov 
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WELDING  AND  SOLDERING  OP  BERYLLIUM.  The  ready  oxidizability  of 
beryllium  at  high  temperatures,  its  low  plasticity,  and  its  high  heat 
capacity  and  melting  point  make  this  metal  difficult  to  weld  or  solder. 
Its  surface  should  be  carefully  treated  in  a  solution  consisting  of 
53  g  of  chromic  anhydride,  450  ml  of  orthophosphoric  acid,  and  26.5  ml 
of  concentrated  sulfuric  acid  at  60°  in  order  to  remove  the  beryllium 
oxides.  Welding  and  soldering  of  beryllium  must  be  carried  out  in  a 
vacuum  or  an  inert-gas  atmosphere  in  order  to  avoid  oxidation. 

Welding  can  be  conducted  with  a  tungsten  electrode  in  a  neutral 
atmosphere,  with  or  without  a  beryllium  welding  rod.  The  principal 
drawbacks  to  fusion  welding  of  beryllium  are  the  grain  growth  and 
high  thermal  stresses  which  arise  in  the  weld  zone  and  cause  crackJr*,. 
Additional  heating  of  the  component  Is  necessary  to  avoid  such  crack¬ 
ing.  In  arc  welding  the  best  results  are  obtained  by  using  dc  current. 

Diffusion  welding  is  more  reliable  for  beryllium,  since  it  pro¬ 
duces  a  seam  with  a  fine-grained  structure,  but  the  process  is  complex 
and  inefficient  and  require  cumbersome  equipment.  This  type  of  welding 
Is  carried  out  in  a  vacuum  (less  frequently,  in  an  argon  atmosphere) 
at  800-1250°,  with  the  articles  to  be  welded  in  close  contact,  usually 

p 

under  an  applied  pressure  of  10-300  kg/cm  .  The  lower  the  temperature, 
the  greater  the  pressure  required.  The  components  are  kept  under  pres¬ 
sure  for  from  1  to  24  hr.  Before  welding  the  surfaces  to  be  Joined  are 
polished  and  degreased  with  acetone  and  alcohol. 

p 

Diffusion  welding  of  beryllium  bars  under  a  p  saure  of  235  kg/cm 
at  850°  for  2  hr  makes  it  possible  to  obtain  a  weld  with  c^  -  30  kg/tan2. 

D414 


Cracking  and  grain  growth  do  not  occur  during  electron-beam  weld- 

-4  -5 

lng  of  beryllium,  which  is  conducted  in  a  vacuum  of  10  -14  mm  Hg 
with  a  sharply  focused  electron  beam  less  than  3*2  mm  in  diameter  at 
a  voltage  of  20,000-30,000  v,  using  narrow  fusion  zones.  Use  of  a  high¬ 
er  vacuum  leads  to  considerable  evaporation  of  the  beryllium.  The 
strengtn  of  an  electron-beam-welded  seam  amounts  to  0.7  of  that  of  the 
base  meta3. 

Satisfactory  results  are  obtained  in  the  resistance  welding  of 
beryllium  (by  the  spot,  projection,  seam,  bead,  and  butt  methods), 
but  this  technique  has  not  progressed  beyond  the  laboratory  stage. 

High-temperature  soldering  (with  solid  solder)  is  the  most  widely 
employed  procedure  for  Joining  beryllium  to  beryllium  and  other  metals, 
although  the  resistance  of  soldered  Joints  to  elevated  temperatures 
is  unsatisfactory  (the  beryllium  near  the  seam  Is  highly  porous  as  a 
result  of  nonuniform  mutual  diffusion). 

Such  solders  as  Al,  an  alloy  of  A1  and  12#  Si,  Ag,  and  a  Cu-Ag 
(up  to  50#)  alloy  have  yielded  the  best  results  in  soldering  beryllium. 
Use  of  these  solders  restricts  the  porosity  near  the  seam.  Wetting  of 
beryllium  by  aluminum  is  facilitated  by  use  of  an  intermediate  magnesium 
layer.  In  soldering  with  solid  solder,  using  a  consummable  or  tungsten 
electrode,  the  best  results  are  obtained  with  aluminum-silicon  solder. 
The  strength  of  such  joints  is  equal  to  that  of  the  sauter. 

Furnace  soldering  yields  good  results,  but  is  limited  by  the  com¬ 
plexity  of  the  process  and  the  cumbersomeness  of  the  equipment.  This 
type  of  soldering  is  carried  out  in  a  vacuum  of  10  "'-10  mm  Hg,  using 
Ag  as  the  solder.  Al  and  eutectic  Al-Ag  and  Al-Cu  alloys  give  somewhat 
poorer  results.  Furnace  soldering  of  beryllium  with  silver  solder  is 
conducted  at  900-1070°  with  a  holding  time  of  5-10  min.  A  higher  tem¬ 
perature  or  longer  holding  time  causes  formation  of  blowholes  as  a  re- 
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suit  of  diffusion  of  the  beryllium  into  the  soldering  zone.  In  order 
to  reduce  diffusion  to  a  minimum  the  components  must  be  heated  and 
cooled  rapidly.  This  technique  can  be  used  for  soldering  beryllium 
to  beryllium,  nickel,  copper,  titanium,  stainless  steel,  or  monel. 

The  sheer  strength  of  joints  furnace-soldered  with  silver  solder 
amounts  to  19  kg/nm  for  beryllium-beryllium,  13  kg/m  for  beryllium- 

O 

titanium,  and  13  kg/iom  for  beryllium-stainless  steel. 

References:  Berilliy  [Beryllium],  edited  by  D.  White  and  J.  Berk, 
translated  from  English,  Moscow,  I960;  J.  Metals,  i960,  Vol.  12,  No. 
10;  Metalwork.  Product.,  1961,  Vol.  105,  No.  1. 


I. A.  Akopov,  S.B.  Kostogarov,  and  K. P.  Yatsenko 
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WELDING  OP  ALUMINIH  ALLOYS.  Aluminum  and  its  alloys  are  Joined 
by  various  fusion-welding  method a  (are,  oxyacetylene,  etc.)  and  by  re¬ 
sistance  welding.  The  surface  of  aluminum  alloys  Is  always  covered 
with  a  thin  film  of  the  high-melting,  dense  oxide  AlgO^  (t’j  *  2050*). 
This  film  makes  it  difficult  ou  strike  an  arc,  prevents  fusion  of  the 
edges,  adsorbs  moisture,  promotes  pore  formation,  and  reduces  the  her¬ 
mit  icity  of  the  joint.  Fusion  welding  is  carried  out  in  an  atmosphere 
of  inert  gases,  the  oxide  film  first  being  carefully  removed  from  the 
edges  to  be  Joined  and  from  the  rod  material.  Oxyacetylene  welding  of 
aluminum  alloys  is  carried  out  with  fluxes,  while  coated  electrodes 
are  used  in  arc  welding.  However,  Joints  made  with  fluxes  and  coat¬ 
ings  containing  alkali-metal  chlorides  have  a  reduced  corrosion  resist¬ 
ance. 


Pig.  1.  Bending-fatigue  curves  for  welded  joints  (with  stress  relieved) 
of  D20  alloy  (sheets  2  m  thick):  1)  Without  heat  treatswnt;  2)  after 
aging;  3)  after  quenching  and  aging,  a)  o b,  kg /m*i  b)  number  of  cycles. 


The  Increased  tendency  of  welded  alialnum-alloy  seams  toward  por¬ 
osity  results  from  the  conalslderable  difference  In  the  solubility  of 
hydrogen  in  liquid  and  solid  aluminum.  An  effective  technique  for  pre¬ 
vention  of  development  of  porosity  in  welds  made  from  magnaliise-type 
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alloys,  which  are  alloyed  with  >4£  Ng,  Is  addition  of  approximately 
0.01-0.005#  Be.  The  high  a  and  X  of  aluminum  alloys  result  in  a  strong 
tendency  toward  warping  during  welding,  especially  In  an  oxyacetylene 
flame. 

It  is  principally  heat-treatable  and  non-heat-treatab\e  alloys 
that  are  used  in  welded  assemblages.  In  order  to  eliminate  defects 
aluminum-alloy  castings  are  usually  welded.  Shaping  alloys,  particular¬ 
ly  those  which  arc  heat-treatable,  tend  toward  formation  of  cracks 
around  or  in  the  seam  and  toward  reduced  weld  strength.  The  strength 
coefficient 

•oc*. 

of  heat-treatable  alloys  (with  a  thickness  6  ■  2  mm,  welded  in  the  heat- 
treated  state)  averages  555*  for  alloys  of  the  AB  type,  60-70#  for  dur¬ 
alumins  and  D20  alloy,  80#  for  VAD1  alloy,  and  more  than  95#  for  V9?. 
alloy.  The  strength  coefficient  of  welds  made  from  alloys  used  In  the 
annealed  state  (magnallum,  AMTs,  technical-grade  aluminum)  amounts  to 
more  than  9 5#  (Table  1).  Welded  aluminum  alloys  do  not  retain  the 
strength  imparted  to  them  by  cold  working. 

Certain  alloys  tend  toward  formation  of  crystallization  cracks 
when  welded  (AV,  AD31,  AD33,  and,  particularly,  Dl,  Dl6,  V95).  Spe¬ 
cial  weldable  aluminum  shaping  alloys  or  special  rod  alloys  differing 
In  composition  from  weldable  alloys  are  consequently  employed  (AMg3 
rod  alloy  is  used  for  welding  AMg2  alloy).  Figures  1-3  present  data  on 
the  fatigue  strength  of  D20,  AHg6,  and  V92  alloys  and  welds  made  from 
them.  Fusion  welding  of  thin-walled  aluminum  alloy  assemblages  (1-6 
mm)  is  commonly  carried  out  by  argon-arc  welding,  which  is  conducted 
both  with  nonfusable  (tungsten)  electrodes  and  welding  rods  and  with 
f usable  electrodes,  using  hose- type  or  seml-hose-type  semiautomatic 
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welding  machines.  Submerged-arc  welding  la  «iao  employed  for  welding 
assemblages  with  walls  >4  mm  thick.  Thln-walled  assemblages  are  some¬ 
times  produced  by  oxyacetylene  welding,  using  AF-4A  flux  and  then  care¬ 
fully  washing  the  weld  to  remove  any  flux  residue. 

TABLE  1 

Mechanical  Characteristics  of  Base  Metal  and 
Welded  Joints* 


♦AMTbM  Is  1. 5  ran  thick,  while  all  other  ma¬ 
terials  are  2  ran  thick. 

•♦Manual  argon-arc  welding  for  AMTs  alloy  and 
automatic  tungsten-electrode  welding  for  all 
other  alloys. 

1)  Type  of  material;  2)  oh  at  20°  (kgAan2);  3)  base  material;  4)  weld; 
5)  weld  after  heat-treatment ;  6)  bending  angle  (degrees):  7)  roc  ma¬ 
terial;  8)  AMTs  M;  9)  AMTs  P;  10)  AMg2  M;  ll)  AMg3  M;  12)  AMg6  M;  13) 
AMg6  P;  l4)  D20-T1;  15)  VAD1T,  quenched  and  naturally  aged;  l6)  V92 
AT  (quenched  and  naturally  aged  for  30  days);  17)  naturally  aged  for 
30  days;  18)  quenched  and  aged;  19)  AMTs;  20)  AMg3;  21)  AMg6;  22)  B20; 
23)  VAD1;  24)  V92. 


The  most  sensible  type  of  Joint  for  aluminum  alloys  (in  fusion 
welding)  Is  a  butt  joint,  which  ensures  a  high  strength  coefficient. 

A  manual  welding  speed  of  approximately  1  m/hr  or  an  automatic  speed 
of  4-40  m/hr  is  employed  (depending  on  the  thickness  of  the  material). 
Pure  argon  (type  B,  99. 95$  Ar),  helium,  and  mixtures  of  the  two 
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Fig.  2.  Fatigue  curves  for  AMg6  alloy  on  repeated  static  extension  of 
welds  and  base  metal  (sheets  2  mm  thick):  1)  Base  metal;  2)  weld  with 
stress  relieved;  3)  stressed  weld,  a)  ab,  kg/mm2;  b)  number  of  cycles. 
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Fig.  3»  F.-.tigue  curves  for  AMg6  and  V92  (after  natural  aging  for  30 
days)  on  repeated  static  extension  of  base  metal  and  welds:  l)  V92 
(base  metal);  2)  AMg6  (base  metal);  3)  V92  (weld);  4)  AMg6  (weld), 
a)  <v  kg/mm2;  b)  number  of  cycles. 


are  used  as  inert  gases.  Welding  aluminum  in  a  mixture  of  60$  He  and 
Ar  makes  it  possible  to  obtain  tlgher  joints  than  welding  in  ar¬ 
gon. 

Resistance  welding  of  aluminum  alloys  entails  more  serious  tech¬ 
nological  and  design  difficulties  than  resistance  welding  of  other 
materials  (steel,  titanium,  high-melting  metals),  requiring  large, 
complex,  high-power  equipment,  good  surface  preparation,  careful  assem¬ 
bly,  and  precision  welding  regimes.  These  difficulties  increase  with 
the  thickness  and  rigidity  of  the  joint.  The  weldability  of  aluminum 
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Is  governed  by  their  deformation  capacity,  the  effectiveness  with  which 
they  utilize  energy,  and  their  reaction  to  the  thermomechanical  cycle. 
Alloys  with  a  Oq  g  <  20  kg/mm2  (20°)  or  6  kg/mm2  (300°)  are  readily 
welded;  alloys  with  a  aQ  2  =  20-50  kg/mm2  (20°)  or  6-12  kg/mm2  (300°) 

p 

can  be  welded  satisfactorily;  alloys  with  a  a2  >  50  kg/ran  (20°)  or 

p 

>12  kg/mm  (300°)  are  difficult  to  weld  in  rigid  closed  structures  when 
they  are  more  than  2  mm  thick.  At  20°  alloys  with  p  <  4  ^ohm-cm  and 
X  >  0.4  cal/cm.  sec-  °C  tend  toward  nonfusion;  those  with  p  =  4-8  p.ohm*  cm 
and  X  =  0.25-0.4  cal/cm* sec* °C  can  be  welded  satisfactorily;  those  with 
p  >  8  p.ohm*cm  and  X  <  0.25  cal/cm*  sec*  °C  are  readily  welded.  A  combina¬ 
tion  of  high  structural  strength  and  weld  rigidity  with  thermal  and 
electrical  conductivity  reduces  the  weldability  of  the  metal.  Alumin¬ 
um-alloy  components  which  differ  in  thickness  by  a  factor  of  more  than 
3  or  whose  properties  (at  20°)  differ  by  a  factor  cf  more  than  2  for 
Oq  2>  1*5  for  p,  or  1.2  for  X  cannot  be  welded  to  one  another  or  Ti, 

Pe,  Cu,  Mg,  Ni,  or  their  alloys.  Aluminum  alloys  with  a  reserve  strength 
and  plasticity  of  from  0.3  to  0.5  can  be  lap-welded  satisfactorily, 
while  those  for  which  this  index  is  greater  than  0.5  weld  well. 


Pig.  4.  Sheer  stress  required  to  fracture  spot  welds  as  a  function  of 
o,  of  base  material  and  sheet  thickness.  1)  Sheer  stress  required  for 
fraction,  kg  per  spot-weld;  2)  ab  of  base  material,  kg/mm2. 
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The  characteristics  of  welded  joints  and  the  stability  of  their 
properties  depend  principally  on  the  type  of  equipment  used  and  the 
thennomechanical  welding  parameters.  Aluminum  alloys  are  welded  with 
soft-percussive  (MGPT,  MShShT)  and  hard-percussive  (MTK-75>  SADK-900) 
welders.  Hard-percussive  welding  ensures  higher  weld  characteristics, 
but  is  often  technologically  inefficient. 

The  welding  current  is  adjusted  on  the  basis  of  technical  speci¬ 
mens  and  the  macrostructure  of  the  spot-welds,  being  the  last  parameter 
determined. 

Plated  and  unplated  sheets  up  to  2  mm  thick  are  protected  against 
slit  corrosion  (under  lap  welds)  with  ALG-1  and  ALG-2  raw  primers.  A 
raw  primer  also  stabilizes  plastic  deformation  resulting  from  cold  con¬ 
tact  by  reducing  the  coefficient  of  friction,  thus  increasing  the  re¬ 
liability  and  quality  of  the  weld.  Welding  along  nonmetallic  layers 
(primers,  cements,  sealers)  is  carried  out  under  the  usual  regimes. 

When  spot-welding  rigid  closed  assemblies  of  high-strength  (quenched 
and  aged  or  cold-worked)  aluminum  alloys  it  is  necessary  to  subje 
the  conctact  surface  to  preliminary  heating  to  150-200°.  High-hot- 
strength  alloys  are  heated  during  crystallization  and  compaction  (for¬ 
ging)  of  the  nugget  metal.  Components  with  large  differences  in  thick¬ 
ness  or  properties  are  spot  and  seam  welded  with  the  aid  of  heat  shields. 
Cermet  (SAP)  and  similar  aluminum  alloys  are  welu<_d  through  a  thin 
layer  of  aluminum. 

The  characteristics  of  spot  welds  include:  fusion  depth  z  =  (0.2- 
0. 6)6(5  -  thickness),  nugget  diameter  dt  -  26  +  2  */6,  spot  spacing  c  = 

=  (3-4)dt,  lap  width  of  double  joint  =  (4. 5-5- 1 5  dt),  distance  between 
rows  of  spots  =  (2-2.5)  d^.,  and  distance  to  edge  of  sheet  =  (0.8-1)  d^. 
Figure  4  shows  the  sheer  stress  required  to  fracture  spot  welds  in 
sheaths  with  thicknesses  (6)  of  from  1  +  1  mm  to  6  +  6  mm  when  lap- 
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welded.  The  plasticity  coefficient,  kt  =  Sotr/^gr*  amounts  0.5-0.65 
for  AMts,  AMg,  AMg3,  AMg5V,  AMg6M,  AD31,  and  AD33  alloys,  0.3-0. 5  for 
the  heat-treated  alloys  Dl,  Dl6,  D19>  020,  M40,  and  V92,  0.2-0. 3  for 
the  heat-treated  or  cold-worked  alloys  Dl6,  V95>  V96,  and  VAD23,  and 
0.15-0.20  for  SAP.  The  reserve  static  tensile  strength  of  1  running 
meter  of  a  double  lapped  spot-weld  amounts  to  more  than  0.6  with  re¬ 
spect  to  the  strength  of  a  sheet  of  D16AT  up  to  3  mm  thick  (less  than 
0.45  for  an  analogous  rivited  joint).  Cemented  Joints  with  -Tjq  »  100 
kg/cm  have  a  reserve  static  strength  of  approximately  1  and  provide 
reliable  hermeticity;  anodizing  and  application  of  protective  lacquers 
or  paints  is  permissible. 

The  ability  of  welded  and  cemented  joints  to  withstand  repeated 
static  overloads  (up  to  0.7  of  the  fracture  load)  is  10-15J6  of  that 
of  rivited  joints  of  the  same  type,  since  the  latter  are  more  rigid 
and  exhibit  better  stress  concentration.  The  characteristics  of  tight, 
strong  joints  include:  width  of  fusion  zone  dgh  =  (3- 5-4. 5) 5,  spot 
overlap  =  (0.3-0. 5)dsh>  width  of  overlap  for  1  seam  =  (2-2.5)dgh,  lay” 
ering  from  edge  of  overlap  »  (0.5-0.75)  dgh,  and  distance  between 
seams  =  (2-4)  dgh> 

Table  2  shows  the  fracture  stress,  softening,  and  decrease  in 
plasticity  and  coefficient  of  static  reserve  strength  (Kp)  for  welds. 
The  of  single-seam  lap  welds  is  markedly  lower  than  that  of  the 
base  metal  (Table  2).  The  decrease  in  the  ob  of  a  weld  becomes  greater 
as  the  thickness  and  of  the  base  metal  increase.  Thermal  (aging  or 
quenching  and  aging)  and  mechanical  (cold  working)  treatment  after 
welding  raises  o^.  Use  of  double  seam  or  combined  spot-seam  welds  or 
of  butt  welds  with  two  thin  overlaps  is  recommended  to  increase  re¬ 
serve  strength. 
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TABLE  2 

Mechanical  Characteristics  of  Tight,  Strong 
Welds  in  Aluminum  Alloys 


1)  Alloy;  2)  sheet  1  mm  thick;  3)  base  metal,  ob;  4)  overlap  with  1 
seam,  ab,;  5)  faced  sheet,  obn;  o)  softening,  o£“  ab»;  7)  kg/mm2; 

8)  sheet  3  mm  thick;  9)  AMTsM;  10)  AMgM;  11)  AMg3M;  12)  AMg5V:  13) 
AMg6M;  14)  AMg6N;  15)  AD33;  16)  D16AT;  17)  D20AT;  18)  M40;  19)  V95AT; 
20)  V96AT. 


The  ability  of  tight,  strong  Joints  to  withstand  bending  is  20-3r^ 
lower  than  that  of  the  base  metal  in  sheets  with  welded  facings  and 
30-40#  less  than  that  of  lap  welds.  Welded  Joints  in  alloys  with  a 
high  durability  are  no  better  than  those  in  alloys  with  low  and  moder¬ 
ate  durabilities.  The  strength  of  strong,  tight  welds  at  200-300°  ap¬ 
proximates  that  of  the  base  material  at  equivalent  temperatures.  The 
hermetic ity  of  such  Joints  is  equal  to  that  of  the  base  metal  at  room 
temperature  and  at  200-300°,  both  in  a  vacuum  (10”^)  and  at  overpres¬ 
sures  under  static  and  cyclic  loads. 

References:  Alov,  A. A.,  Bobrov,  Q.V. ,  Modifitsircvaniye  metalla 
shva  pri  svarke  alyumlnika  [Modification  of  the  Weld  Metal  During 
Welding  of  Aluminum],  Svarochnoye  prolzyodstvo  [Welding],  1959,  No.  6; 
Lashko,  N.P. ,  Lashko-Avakyan,  S.V. ,  Svarlvayemyye  legkiye  splavy 
[Weldable  Light  Alloys],  Leningrad,  I960;  Meshkova,  O.V. ,  Svarka  alyu- 
mlniyevykh  splav  [Welding  of  Aluminum  Alloys],  in  book:  Spr-ivochnik 
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po  svarke  [Handbook  of  Welding],  Vol.  2,  Moscow,  1961,  page  498;  Petrov, 
A.V. ,  Dugovaya  svarka  v  srede  zashchitnykh  gazov  [Arc  Welding  in  Pro¬ 
tective-Gas  Atmospheres],  ibid.,  page  372;  Pugachev,  A. I.,  Tekhnologlya 
ya  kontaktnoy  tochechnoy  svarki  alyuminiyevykh  splavov  novykh  marok 
[Technology  of  Spot  Resistance  Welding  of  New  Types  of  Aluminium  Al¬ 
loys],  Moscow,  1957  (Branch  of  VINITI  [All-Union  Institute  of  Scienti¬ 
fic  and  Technical  Information],  Report  1,  No.  B-57-1C);  Pugachev,  A. I., 
Shagovaya  rolikovaya  svarka  alyuminiyevykh  splavov  novykh  marok  fStep- 
by-Step  Roller  Welding  of  New  Types  of  Aluminum  Alloys],  Moscow,  1958 
(Branch  of  VINITI.  Peredovoy  nauchno-tekhn.  i  proizv.  opyt  [Advanced 
Scientific-Technical  and  Production  Experience],  Report  12,  No.  M-58- 
379/26);  Pugachev,  A.I.,  Pastukh,  M.N.,  Tochechnaya  svarka  izdeliy 
bol'shoy  tclshchiny  iz  alyuminiyevykh  splavov  [Spot  Welding  of  Thick 
Aluminum-Alloy  Components],  Moscow,  1962  TsITEIN .  Peredovoy  nauchno- 
tekhn.  1  proizv.  opyt  Ldentral  Institute  of  Technical-Economic  Informa¬ 
tion.  Advanced  Scientific-Technical  and  Production  Experience],  Report 
4,  No.  5,  No.  M-64-41/5). 

V. R.  Verchenko  and  A. I.  Puga-hev 
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WEIDING  OP  CAST  IRON  -  a  process  conducted  in  order  to  correct  de¬ 
fects  In  iron  castings.  We  can  distinguish  hot,  semlhot,  and  cold  weld¬ 
ing  methods.  In  the  hot  method  the  casting  to  be  welded  is  heated  to 
700-750°  and  held  at  this  temperature  throughout  the  entire  operation. 
In  the  semlhot  method  the  casting  is  subjected  to  general  or  local 
heating  to  300-400°.  In  the  cold  method  the  defect  is  corrected  without 
heating. 

The  hot  method  of  welding  cast  iron  utilizes  arc  and  gas  welding 
with  cast-iron  electrodes  and  rods  for  welding-up  with  molten  metal 
(foundry  welding).  The  semlhot  method  employs  arc  welding  with  steel 
for  cast-iron  electrodes,  while  the  cold  method  utilizes  arc  welding 
with  steel,  iron-clad  copper,  ferrocopper,  or  ferronickel  electrodes 
or  bundles  of  copper  and  steel  electrodes,  gas  welding,  soldering  with 
cast-iron  rods  or  solder,  or  molten-slag  welding  with  cast-iron  rods 
or  plates.  Any  defect  in  castings.  Including  those  intended  for  criti¬ 
cal  applications,  can  be  welded  up  with  cast  iron.  The  hot  method  makes 
it  possible  to  obtain  a  seam  equal  in  strength  to  the  base  metal  In  all 
types  of  welding  with  cast  iron.  Semlhot  arc  welding  with  steel  elec¬ 
trodes  produces  a  seam  whose  properties  are  similar  to  those  of  the 
base  metal,  although  it  is  not  uniform  in  hardness  over  its  cross  sec¬ 
tion.  Use  of  electrodes  containing  copper  and  nickel  in  cold  arc  weld¬ 
ing  of  cast  iron  prevents  chilling  of  the  weld  metal,  since  copper  and 
nickel  promote  segregation  of  free  graphite. 

None  of  the  varieties  of  soldering  produce  fus'on  zones  in  the 

joint.  Soldering  is  employed  for  closing  shallow  defects,  for  Joining 
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fractured  castings  (low-temperature  gas  welding,  or  soldering  with 
cast-iron  rods),  and  for  eliminating  all  defects  in  castings  whose 
strength  is  not  affected  by  such  correction  (using  solders). 

Hot  gas  welding,  hot  arc  welding,  and  low-temperature  welding  or 
soldering  are  employed  for  gray  iron.  Joints  produced  by  these  methods 
are  equal  in  strength  to  the  base  metal.  Cast  iron  containing  spheroid¬ 
al  graphite  is  subjected  to  gas  welding  with  electrodes  of  the  same 
material  followed  by  heat  treatment  or  to  arc  welding  with  monel  elec¬ 
trodes  or  ferronlckel  electrodes,  heating  the  casting  to  300-350°  and 
then  slowly  cooling  it,  a  proceoure  necessary  to  prevent  cracking 
(steel  electrodes  should  not  be  used  to  weld  cast  iron  containing 
spheroidal  graphite).  Cast  iron  containing  spheroidal  graphite  can  be 
joined  to  unalloyed  steel  by  arc  welding  with  monel  electrodes.  Austen¬ 
itic  cast  iron  containing  spheroidal  graphite  is  arc-welded  with  nickel 
or  ferronlckel  electrodes,  heating  the  component  to  300°  and  then  slow¬ 
ly  cooling  or  tempering  it  at  650°  after  welding.  Stainless-steel  elec¬ 
trodes  are  used  when  it  is  necessary  to  produce  a  nonmagnetic  weld; 
electrodes  of  the  same  material  as  the  components  to  be  welded  are  em¬ 
ployed  in  gas  welding. 

White-iron  castings  intended  to  be  annealed  to  forging  pig  are 
arc-  or  gas-welded  with  rods  of  the  same  material,  followed  by  anneal¬ 
ing  at  850°  and  furnace  cooling  (welding  of  white  iron  is  limited, 
since  graphitlzatlon  is  possible).  Forging  pig  can  be  welded  with  or 
without  subsequent  repeated  annealing;  when  subjected  to  repeated  an¬ 
nealing  it  Is  arc-welded  with  electrodes  of  white  iron  or  forging  pig. 
Oas  welding  with  brass  rods  or  arc  welding  with  monel  electrodes  la 
employed  when  the  casting  is  not  subjected  to  repeated  post-welding 
annealing. 

References;  Dubova,  T.N.,  Ispravlenlye  porokov  otllvok  avarkoy 
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[Correction  of  Defects  In  Castings  by  Welding],  In  book:  Spravochnlk 
po  ohugunnomu  lltyu  [Handbook  of  Iron  Casting],  2nd  Edition,  Moscow- 
Lenlngrad,  I960;  Yellstratov,  P.S. ,  Netallurglchesklye  osnovy  svarkl 
chuguna  [Metallurgical  Principles  of  the  Welding  of  Cast  Iron],  Moscow 
1957;  drill la t,  J. ,  Poirot,  R. ,  Fonderle  [Foundry],  i960,  No.  178, 
pages  449-461;  Everest,  A.B. ,  Nickel,  0.,  Foundry  Trade  J. ,  I960,  Vol. 
108,  No.  2264,  pages  515-522. 

A. A.  Slmkln 
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WELDING  OF  HIGH-MELTING  METALS  (tungsten,  niobium,  molybdenum, 
tantalum,  and  chromium).  The  high  activity  of  hlgh-meltlng  metals  with 
respect  to  nitrogen,  oxygen,  and  hydrogen  means  that  they  must  be  re¬ 
liably  protected  from  contact  with  the  atmosphere  during  welding.  Joint 
formation  is  satisfactory  In  fusion  welding  (argon-arc  or  electron- 
beam  welding),  but  heating  these  metals  In  the  deformed  state  causes 
recrystalllzatlon  and  grain  growth  in  and  around  the  weld,  which  some¬ 
what  reduces  the  plasticity  of  niobium  and  tantalum  joints  and  causes 
brittleness  in  molybdenum  and  tungsten  Joints. 

Argon-arc  fusion  welding  can  be  conducted  In  a  stream  of  protec¬ 
tive  gases  or  In  a  chamber  containing  a  protective-gas  atmosphere. 

Pure  argon,  hlgh-purlty  helium,  or  supplementally  purified  technical- 
grade  hydrogen  is  used  as  the  protective  gas.  There  have  been  reports 
on  the  use  of  carbon  tetrafluorlde  as  a  protective  gas  In  the  arc  weld¬ 
ing  of  Ta  and  Nb.  In  welding  In  a  gas  stream  the  heated  metal  on  the 
outside  of  the  seam  la  protected  by  fitting  an  additional  hood  (corres¬ 
ponding  to  the  configuration  of  the  component)  on  the  welding-torch 
nozzle;  this  hood  usually  has  an  Independent  protective-gas  supply  sys¬ 
tem.  The  reverse  side  of  the  weld  Is  protected  by  supplying  gas  to  a 
channel  In  the  support  backing.  Some  gas  saturation  of  the  heated  por¬ 
tions  of  the  metal  is  Inevitable  when  the  gas-stream  method  la  employ¬ 
ed;  it  Is  consequently  used  In  welding  Ta  and  Nb,  which  are  less  sensi¬ 
tive  to  atmospheric  gases,  as  well  as  In  cases  where  severe  requirements 
are  not  Imposed  on  the  mechanical  properties  of  the  welded  Joints.  Ful¬ 
ler  protection  Is  afforded  by  welding  In  an  inert-gas-filled  chamber 
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after  evacuation  to  5*10“^  ran  Hg  or  lees  or  by  welding  in  soft-walled 
chambers  from  which  the  air  has  been  expressed.  Welding  is  carried  out 
with  direct  current,  using  the  tungsten  electrode  as  the  negative  pole. 
Use  of  high  welding  speeds  promotes  an  Increase  in  weld  plasticity. 
Vacuum  electron-beam  welding  is  the  most  advanced  technique. 

Absorption  of  gases  by  the  weld  is  almost  completely  eliminated 
in  electron-beam  welding.  This  method  permits  production  of  Joints 
with  narrow  fusion  and  thermal-lnf luenced  zones,  which  Increase  their 

mechanical  characteristics.  Welding  is  conducted  under  a  vacuum  of 

-4 

3*10  mm  Hg  or  less,  in  special  equipment  fitted  with  appropriate  at¬ 
tachments. 

Before  welding  the  edges  to  be  Joined  and  adjacent  areas  should 
be  freed  of  oxides  and  other  contaminants  (by  pickling  or  mechanical 
cleaning)  and  degreased.  The  Table  shows  certain  of  the  mechanical  char¬ 
acteristics  of  welds  in  high-melting  alloys. 

Argcn-arc  welding  of  unannealed  deformed  VN-2  niobium  alloy  pro¬ 
duces  seams  with  a  low,  unstable  plasticity,  which  is  substantially 
Increased  by  vacuum  annealing  of  the  Joints  (1330°  for  2  hr).  Argon- 
arc  welding  of  unalloyed  niobium  and  annealed  VN-2  alloy  yields  more 
plastic  seamj  (using  a  welding  speed  of  70  m/hr  or  more  for  VN-2).  Elec¬ 
tron-beam  welding  (at  speeds  of  more  than  6C  m/hr)  of  unannealed  and 
annealed  VN-2  alloy  permits  production  of  welds  that  can  withstand 
l80°  bend'.ng  and  subsequent  straightening.  Seam  formation  is  satisfac¬ 
tory  when  niobium  alloys  are  welded  to  tantalum,  titanium,  copper,  and 
zirconium  alloys,  but  welding  niobium  alloys  to  nickel  alloys  results 
in  crack  formation  and  production  of  very  brittle  seams. 

Argon-arc  welding  of  molybdenum  alloys  in  a  protective-gas  stream 
yields  seams  which  cannot  withstand  bending  at  room  temperature  but 
exhibit  increased  plasticity  when  heated.  Welds  made  in  argon  in  a  pre- 
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Characteristics  of  welds  in  High-Melting  Me¬ 
tals 
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•Sheets  1  mm  thick. 

♦•The  radius  of  the  bending  angle  equals 
the  sheet  thickness. 

•♦•With  annealing. 

••♦♦Without  annealing. 

1)  Alloy;  2)  type  of  welding;  3)  a  (kg/ton2);  4)  bending  angle  (degrees) 
5)  niobium  (VN-2);  6)  the  same;  7)  technical-grade  niobium;  8)  niobium 
(VN-2);  9)  molybdenum  (VM-l);  10)  technical-grade  tantalum;  11)  argon- 
arc;  12)  electron-beam;  13)  butt  and  seam  resistance  welding. 


liminarily  evacuated  chamber  can  withstand  10-20°  bending  at  20°.  The 
bending  angle  of  electron-beam-welded  joints  (1  mm  thick)  reaches  20- 
60°  at  room  temperature  and  180°  at  200°.  It  Is  possible  to  weld  molyb¬ 
denum  to  niobium  alloys  or  tungsten,  but  such  Joints  are  very  brittle. 
Joints  of  the  soldered  type  are  formed  when  molybdenum  alloys  are  weld¬ 
ed  to  nickel  alloys  (the  molybdenum  alloy  remains  unfused). 

In  argon-arch  welding  of  tantalum  and  its  alloys  the  strength  and 
plasticity  of  the  weld  are  somewhat  less  than  those  of  the  base  metal. 
Tantalum  is  readily  welded  to  copper,  titanium,  niobium,  and  zirconium; 
welding  to  molybdenum  and  tungsten  is  possible. 

Fusion  welding  of  tungsten  can  be  conducted  in  a  neutral-gas  pro¬ 
tective  atmosphere  or  with  an  electron  beam  under  vacuum  conditions, 
although  cracking  frequently  occurs.  In  order  to  prevent  cracking  weld¬ 
ing  should  be  carried  out  with  the  components  loosely  clamped  and  heat¬ 
ed  (to  500°  or  more).  Such  Joints  are  very  brittle  at  room  temperature, 
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but  exhibit  substantially  increased  pla3ticlty  when  heated  to  tempera¬ 
tures  above  700°.  It  Is  possible  to  weld  tungsten  to  molybdenum,  nio¬ 
bium,  and  tantalum. 

Fusion  welding  of  chromium  can  be  conducted  in  an  argon  protective 
atmosphere,  but  the  joints  obtained  are  very  brittle. 

Butt  resistance  welding  of  high-melting  metals  can  be  carried  out 
in  atmospheres  of  argon,  helium,  hydrogen,  and  air.  Carbon  tetrachlor¬ 
ide,  water,  and  a  mixture  of  powdered  zirconium  oxide,  molybdenum,  and 
graphite  are  used  for  protection  from  atmospheric  gases  in  the  resist¬ 
ance  welding  of  Mo  and  W  alloys.  Vacuum-welded  joints  have  the  highest 
plasticity.  The  strength  of  butt  welds  in  Nb  and  Mo  is  close  to  that 
of  the  base  metal. 

In  spot  and  seam  welding  the  high  melting  temperature  of  the  al¬ 
loys  causes  the  electrodes  to  stick  to  the  components,  while  the  high 
thermal  and  electrical  conductivity  of  the  Mo  and  W  make  it  necessaiy 
to  use  high-power  welding  equipment. 

Facings  of  molybdenum  or  tungsten  foil  0.05-0.2  mm  thick  are 
placed  between  the  electrodes  and  the  components  to  prevent  sticking. 

The  facings  are  removed  after  welding;  if  they  stick  to  the  electrodes 
they  are  used  for  welding  the  next  spot.  Sticking  can  also  be  prevent¬ 
ed  by  coating  the  surface  of  the  component  with  graphite  at  the  con¬ 
tact  points  of  the  electrodes.  The  surfaces  to  be  Joined  are  roughened 
to  concentrate  the  heat  and  reduce  the  welder  power  required;  tantalum 
or  niobium  foil  is  placed  between  the  contact  surfaces  for  this  purpose. 
Before  welding  the  components  are  cleaned  of  oxides  and  other  contamin¬ 
ants  by  general  or  local  (at  the  lap  sites)  pickling.  Projection  weld¬ 
ing  along  preliminarily  made  flanges  is  also  employed  for  joining  high- 


melting  metals. 


D. 3.  Balkovets 
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WELDING  OP  MAGNESIUM  ALLOYS.  The  high  activity  of  magnesium  with 
respect  to  02  (ignition  is  possible  when  the  metal  is  heated  to  near 
its  melting  point)  makes  it  necessary  to  protect  the  heated  area  with 
inert  gases  during  welding,  especially  when  the  metal  is  molten.  The 
principal  techniques  used  for  magnesium  alloys  are  fusion  welding 
(chiefly  tungsten-electrode  arc  welding  in  argon  or  fusable-electrode 
welding,  less  frequently  oxyacetylene  welding)  and  various  types  of 
resistance  welding. 

Tungsten-electrode  welding  is  carried  out  with  ac  current,  while 
inverted  dc  current  is  used  for  fusable-electrode  welding.  Helium  is 
employed  In  addition  to  argon  for  ac  welding;  dc  welding  is  best  con¬ 
ducted  in  a  helium  atmosphere,  in  view  of  its  greater  Ionization  ca¬ 
pacity.  Butt  welds  are  usually  used,  but  lap  and  T  joints  are  permis¬ 
sible  (when  the  walls  of  the  components  are  more  than  1  mm  thick). 
Fusion  welding  is  conducted  with  the  same  equipment  as  for  aluminum 
alloys  (see  Welding  of  aluminum  alloys). 

Mixtures  of  alkali-metal  chlorides  and  fluorides  are  used  as 
fluxes  for  gas  welding  of  magnesium  alloys,  being  applied  to  the  weld¬ 
ing  rod.  The  flux  residue  is  removed  after  welding  by  rinsing  the  com¬ 
ponents  in  hot  water  or,  more  reliably,  by  boiling  them  for  1-2  hr  in 
5#  potassium  bichromate,  which  neutralizes  the  flux.  Pure  fluoride 
fluxes  are  less  corrosive,  but  more  difficult  to  remove  from  the  sur¬ 
face  of  the  weld.  Before  welding  the  marking  paint,  protective  grease, 
and  oxide  film  are  removed  from  the  edges  to  be  joined.  The  oxide 

film  is  removed  mechanically  3  hr  before  welding  or  by  pickling  no 
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more  than  5  days  before  welding.  Degreasing  is  carried  oat  in  organic 
solvents  (RD,  acetone,  gasoline,  carbon  tetrachloride)  or  in  alkali 
baths  (with  a  composition  of  300-600  g/liter  NaOH,  150-200  g/liter 
NaNOg,  40-70  g/liter  NaNO^,  and  the  remainder  water)  at  70-100°,  fol¬ 
lowed  by  rinsing  in  water.  The  oxide  film  is  removed  by  pickling  in 
aqueous  CrO^  (150-200  g/liter)  at  20°  for  7-15  min,  followed  by  rinsing 
in  water  and  drying  at  50-60°.  The  finished  welds  are  subjected  to  oxi¬ 
dation. 

Magnesium’s  high  thermal  coefficient  of  linear  expansion  causes 
it  to  have  a  strong  tendency  to  warp  during  welding. 

Most  magnesium  alloys  used  in  welded  assemblages  are  in  the  de¬ 
formed  state.  Cast  magnesium-blanks  are  only  welded  to  correct  casting 
defects.  The  majority  of  magnesium  alloys  alloyed  with  Al,  Zn,  Ce,  and 
Ca  have  a  tendency  toward  crystallization  cracking  as  a  result  of  their 
broad  crystallization  range,  while  alloys  containing  Al  and  Zn  also 
tend  to  develop  pores  in  the  weld  and  the  area  around  it.  Alloys  con¬ 
taining  Mn  (MAI,  ML2),  which  have  a  narrow  crystallization  rang",  do 
not  tend  to  crack  during  welding;  however,  considerable  grain  growth 
may  occur  in  the  area  around  the  weld  and  it  is  consequently  necessary 
to  avoid  material  overheating  during  welding  and  to  employ  intermediate 
cooling  in  multilayer  welding  or  when  welds  are  made  close  together. 

In  order  to  avoid  overheating,  oxidation,  and  cracking  magnesium  al¬ 
loys  must  be  welded  at  as  high  a  speed  as  possible  and  with  a  minimum 
arc  length  (l-2  mm)  in  manual  and  automatic  rod  welding. 

The  strength  coefficient,  (K  =  Obsvarn/abosn)  of  joints  made  in 
MAI  alloy  by  manual  argon-arc  welding  amounts  to  55-65#;  for  joints 
made  in  MA8  alloy  by  automatic  argon-arc  tungsten-electrode  welding 
with  MA8  wire  (with  stresses  unrelieved)  K  =  60-7r#,  i.e.,  the  area 

around  the  weld  is  considerably  weakened  in  gas  welding. 
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Magnesium-alloy  castings  are  welded  with  a  rod  of  the  same  compo¬ 
sition  as  the  base  metal;  in  order  to  avoid  development  of  porosity 
and  cracking  all  defects  are  first  removed,  completely  eliminating 
the  surrounding  unsound  areas  and  the  casting  skin.  Small  castings 
with  complex  shapes  must  be  preliminarily  heated  to  250-350°  and  heat- 
treated  (by  homogenization  or,  for  certain  alloys,  quenching)  after 
welding.  Large  castings  with  simple  shapes  are  welded  with  local  heat¬ 
ing  to  250-2700  and  no  subsequent  heat  treatment. 

Spot  and  seam  welding  of  magnesium  alloys  is  carried  out  with 
the  same  machines  as  for  aluminum  alloys.  Before  resistance  welding 
the  surface  of  the  components  is  degreased  and  then  freed  of  oxides 
and  films  mechanically  or  chemically,  e.g.,  in  baths  containing  an 
aqueous  solution  of  CrOg  (200  g/liter)  and  Ca  (NO)^  (30  g/liter)  at 
20-30°  for  10-15  min.  Particles  of  metal  and  oxides  remain  on  the  sur¬ 
face  after  mechanical  cleaning,  contaminating  the  contact  surface  of 
the  electrodes  and  thus  reducing  weld  quality.  Transfer  of  copper  par¬ 
ticles  from  the  electrodes  to  the  surface  to  be  welded  reduces  the  cor¬ 
rosion  resistance  of  the  joint;  the  seam  surface  must  consequently  be 
cleaned  with  special  care  in  resistance  welding.  Joints  made  in  mag¬ 
nesium  alloys  by  spot  welding  are  cleaned  and  coated  with  ALG-1  or  ALG- 
12  primer. 

References:  Balkovets,  D.S. ,  Orlov,  B.D. ,  Chuloshnikov,  P.L. , 
Tochechnaya  i  rolikovaya  svarka  spetsial 'nykh  staley  i  splavov  [Spot 
and  Seam  Welding  of  Special  Steels  and  Alloys],  Moscow,  1957;  Pugachev, 
A.  I.,  Kontaknaya  tochechnaya  svarka  detaley  iz  magniyevykh  splavov 
[Spot  Resistance  Welding  of  Magnesium-Alloy  Components],  Moscow,  1957; 
Pukhov,  G.A. ,  Svarka  legkikh  metallov  i  ikh  splavov  [Welding  of  Light 
Metals  and  Their  Alloys],  Mo scow- Leningrad,  1959;  Lashko.  N.F. ,  Lashko- 
Avakyan,  S.V. ,  Svarivayemyye  legkiye  splavy  [Weldable  Light  Alloys], 
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Leningrad,  i960. 
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WELDING  OF  NICKEL  ALLOYS.  The  principal  techniques  for  welding 
nickel  and  Its  alloys  are  tungsten-  and  fusable-electrode  arc  welding 
in  argon  or  a  mixture  of  argon  and  3-b$  hydrogen,  submerged-arc  and 
molten-slag  welding,  manual  arc  welding  using  electrodes  with  high- 
quality  coatings,  and  spot,  seam,  and  butt  resistance  welding.  The 
first  two  methods  provide  the  highest  mechanical  and  anticorrosion 
characteristics. 

TABLE  1 

Mechanical  Characteristics  of 
Welds  made  in  Technical-Grade 
Nickel  with  Different  Types  of 
Electrodes  (at  20°) 
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1)  Electrode;  2)  kg/Wn2;  3)  bending  angle  (degrees);  4)  N10;  5)  N37; 

6)  N37K;  7)  N30X;  8)  Progress-50. 

The  weldability  of  nickel  Is  governed  by  its  freedom  from  detri¬ 
mental  Impurities  (C,  0,  H,  S,  P,  Pb,  and  B).  The  difficulties  involved 
in  welding  technical-grade  nickel  are  associated  with  the  development 
of  pores  and  hot  cracks  in  the  weld  and  the  Increased  tendency  of  the 
latter  to  corrode. 

Pores  may  be  produced  In  welded  nickel  Joints  by  hydrogen,  which 
undergoes  a  sharp  change  in  solubility  during  crystalliztion  of  the 
fused  metal,  and  by  carbon  monoxide,  which  is  formed  In  the  molten 
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during  reduction  of  N10  by  carbon  and  by  reaction  of  the  carbon  with 
dissolved  oxygen.  In  argon-arc  welding  addition  of  3-5#  hydrogen  to 
the  argon  aids  in  preventing  pores,  increasing  the  time  for  which  the 
fused  metal  remains  molten  by  raising  the  arc  voltage  and,  through 
its  reducing  properties,  lowering  the  probability  that  carbon  monoxide 
will  be  produced.  However,  when  the  arc  atmosphere  contains  higher  hy¬ 
drogen  concentrations,  which  usually  occurs  In  manual  arc  welding,  as 
a  result  of  dissociation  of  the  paired  hydrogen  atoms  In  the  electrode 
coating,  this  gas  becomes  a  serious  pore  source.  Electrode  coatfngs 
based  on  TiOg-CaFg-NaP  (Progress-50)  are  used  to  fix  the  hydrogen  and 
remove  it  from  the  arc  atmosphere  in  the  form  of  HP.  The  coatings  of 
these  electrodes  also  contain  SiOg,  NagO,  and  powdered  Mn,  Tl,  and  Al. 
Progress-50  electrodes  ensure  higher  plasticity,  density,  and  long¬ 
term  strength  than  electrodes  with  coatings  based  on  CaPg-CaCO^  slag, 
such  as  NIO,  N37,  N30K,  and  N37K  (Table  1). 

These  coatings  also  contain  SiOg,  PeMn,  PeSi,  Mn,  Al,  and  a  Ni-Mg 
ligature.  Wire  of  technical-grade  nickel  of  the  same  type  as  the  base 
metal  or  of  NMts25  or  NMts5  alloy  Is  used  as  the  electrode  core. 

Molten  modified  oxygen-free  halide  fluxes  based  on  CaPg  or  CaPg- 
BaClg  with  NaP  and  SrFg  added  (ANF-5,  IMET-9,  IMET-29,  and  IMET-33 ) 
are  used  for  submerged-arc  welding  of  nickel  and  Its  alloys.  Ceramic 
fluxes  based  on  CaO-5CaO« SAlgO^-CaPg  containing  strong  reducing  agents 
(ZhN)  can  be  used  for  welding  technical-grade  nickel. 

Hot  cracks  in  welds  in  nickel  and  Its  monophaslc  alloys  usually 
develop  along  the  polygonlzatlon  boundaries,  which  are  dlslocatlonal 
In  origin  and  are  formed  at  temperatures  below  the  solidus  after  crys¬ 
tallization.  These  boundaries  are  a  conglomeration  of  defects  in  the 
crystal  lattice  and  foreign  atoms  and  consequently  have  very  low  plas¬ 
ticity  and  strength  at  high  temperatures.  However,  hot  cracking  may 
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occur  during  crystallization  at  contents  of  aa  little  as  0.001  to  0.01# 
of  Pb,  B,  S,  P,  and  other  low-solubility  detrimental  impurities,  re¬ 
sulting  from  the  concentration  of  low-melting  eutectic  constituents 
along  the  boundaries  of  the  primary  crystallities  in  the  weld  metal 
and  along  the  grain  boundaries  of  the  base  metal  in  the  area  of  par¬ 
tial  fusion  around  the  weld.  Rod  materials  spectrally  free  from  Pb  and 
B  and  with  limited  contents  of  S,  P,  and  a  number  of  other  impurities 
are  consequently  employed  in  order  to  avoid  crystallization  in  the 
welding  of  nickel  and  most  of  its  alloys.  In  order  to  avoid  polygonlza- 
tion-induced  hot  cracking  In  the  welding  of  monophaslc  alloys  the  weld 
metal  is  alloyed  with  high-melting  elements  (Mo,  W,  and  Ta),  which, 
when  present  in  concentrations  of  more  than  10-15#,  prevent  polygonlza- 
tion  by  sharply  increasing  the  activation  energy  of  diffusion  in  the 
solid  solution.  At  the  same  time,  restrictions  are  imposed  on  the  A1 
(up  to  2-3#),  Ti  (up  to  3—5#) »  and  Si  (up  to  0.3-0.4#)  contents,  since 
these  elements  promote  polygon izat ion  of  the  fused  metal.  It  is  also 
necessary  to  try  to  maintain  an  (Al):  (Ti,  Mo);  (W,  Ta)  ratio  in  the 
weld  metal  such  that  polygonizatlon  does  not  occur  during  post  welding 
cooling  or  during  subsequent  aging,  to  completion  of  the  dispersion- 
hardening  phase. 

For  these  reasons  alloyB  of  nickel  and  20-30#  Mo  or  W  of  the  has- 
teloy  type  (EI460,  EI461,  etc. )  can  be  Joined  without  difficulty  by 
any  arc-welding  method.  The  electrode  wire  is  chosen  in  such  fashion 
that  it  has  the  same  composition  as  the  base  metal  or  a  somewhat  high¬ 
er  Mo  or  W  content;  for  example,  wire  of  EI461  alloy  (30#  Mo)  is  used 
for  welding  EI460  alloy  (20#  Mo).  Manual  arc  welding  is  conducted  with 
electrodes  of  these  wires  with  ENKhM-101  and  EJfKhD-10  coatings,  which 
are  based  on  CaCOyCaFg  slag  with  FeSi,  FeTi,  kaolin,  etc.  added. 

Arc  welding  of  nickel  alloys  containing  30#  Cu  (monel  type)  or 
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TABU  2 

Mechanical  Characterlatlca  of  Welds  In  Certain  High- Hot-Strength  Nlckel- 
Chronlua  Alloys 


*EShS  -  molten-slag  welding,  DSP  -  submerged-arc  welding,  ADS-W  -  ar¬ 
gon-arc  tungsten-electrode  welding,  RDS  -  manual  arc  welding. 

rate  of  linear  defoliation  of  the  weld  metal  dur- 
and  subsequent  cooling,  at  which  hot  cracking  oc¬ 
curs  (an  Index  '>?  weld-metal  resistance  to  hot  cracking,  determined  by 
the  IMET  method). 


**V.  -  the  critical 

lng^rystalllzatlon 


1)  Alloy;  2)  thickness  (mm);  3)  wire:  4)  welding  method;  5)  electrode 
coating;  6)  flux;  7)  V.^  (®nA>ln);  8)  heat  treatment  after  welding;^ 

9)  mechanical  characteristics;  10;  temperature  (*C):  11)  on  2  (kg/nm  ); 
12)  Ov(kg/®B2):  13)  hot  strength;  14)  stress  (kg/mra*);  15)  time  to  frac¬ 
ture  D'hr);  16)  EX435;  17)  EM37;  18)  EI602;  19)  EI652;  20)  EI437B; 

21)  EI068;  22)  BZhLB;  23)  EP216;  24)  EP199;  25)  EShS;  26)  RDS;  27)  DSP; 
ADS-W;  29)  MET-4M;  30)  IMET-4P;  31)  IKET-7;  32)  NZh-4;  33)  WET-9; 


stress 
El 602 ; 


s  (kg/i 

;  ] 


34/  YeZh-4;  35)  ANP-1;  36)  DtETP-7; 
29;  40)  1000*,  cooling  In  air;  4l) 


37)  WETF-33 :  3»)  AMP-5;  39)  L'^TP- 
quenching  and  aging. 


200  Cr  (nlchrome  type,  EI435)  also  presents  no  special  difficulties 
and  Is  carried  out  with  a  rod  metal  of  the  same  composition. 

Deformed  high-hot-strength  nickel-chromium  alloys  containing  A1 
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(EI652,  EI559)  or  A1  and  Ti  (EI437)  have  a  tendency  toward  hot  cracking 
when  welded.  Alloys  also  containing  Mo  (EI602),  W  (VZh85,  EI868),  or 
Mo  and  W  (EI894)  weld  somewhat  better.  When  these  alloys  are  welded 
by  any  method,  using  an  electrode  or  rod  wire  of  the  same  composition 
as  the  base  metal,  the  strength  of  the  Joints  amounts  to  approximately 
900  of  that  of  the  base  metal  at  both  room  and  elevated  temperatures. 
Fracture  occurs  along  the  weld  metal,  which,  because  of  its  course 
cast  structure,  is  not  strengthened  to  the  level  of  the  base  metal 
during  aging. 

The  greatest  difficulties  are  presented  by  arc  welding  of  disper¬ 
sion-hardening  hlgh-hot-strength  nickel-chromium  alloys  of  the  nlmonlc 
type  (EI437B,  etc. ),  which  contain  B  in  addition  to  A1  and  Ti.  This  re¬ 
sults  from  the  strong  tendency  of  such  alloys  toward  hot  cracking  in 
and  around  the  weld,  especially  in  rigid  assemblages  of  moderately 
thick  and  thick  metal.  Even  addition  of  Mo  and  W  to  the  alloy  (El6l7, 
EI598*  EP220,  EP199*  EI867,  EI827)  does  not  prevent  hot  cracking  in 
the  presence  of  B.  Use  of  electrode  wires  of  alloys  of  the  same  compo¬ 
sition  but  with  no  B  (EI437)  or  with  very  low  A1  and  Ti  contents  (EI435) 
often  fails  to  prevent  hot  cracking  in  and  around  the  weld.  In  addi¬ 
tion,  they  do  not  ensure  that  the  weld  and  the  base  metal  will  be  equal 
in  strength.  Rod  materials  which  supplementally  alloy  the  weld  metal 
are  consequently  employed  in  welding:  1)  Mo,  W,  and  Ta  to  suppress  poly- 
gonization  and  strengthen  the  solid  solution:  2MET-10  electrodes  with 
a  core  of  N1  alloyed  with  200  Mo  and  a  coating  which  alloys  the  seam 
(Cr);  IMET-4M  and  WET-731  electrodes  with  cores  of  EI435  and  EI437  and 
a  coating  which  alloys  the  seam  (18-200  Mo);  1MET-4P  electrodes  with 
a  core  of  EI43^  and  a  coating  which  introduces  even  more  Mo  into  the 
weld  metal;  UiET-5  electrodes  with  a  core  of  EI868  alloy  containing 

150  W;  NIAT-7  electrodes  with  the  same  core  and  a  coating  which  supple- 
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mentally  alloys  the  weld  (10-15#  Mo);  wire  of  EP220  alloy  containing 
Mo  and  V  but  no  fi.  2)  Nb  and  C  In  a  ratio  of  10:1  to  promote  formation 
of  primary  carbides  and  their  nickel  eutectic  during  crystallization, 
this  modifying  the  weld  metal  and  preventing  development  of  a  columnar 
structure  and  polygon lzat Ion:  EP216  electrode  wires  of  type  EE437  con¬ 
taining  0. 15-0. 22#  C  and  1.5-2. 2#  Nb;  EP217  wire  of  type  EI435  contain¬ 
ing  0.25-0.32$  C  and  2. 5-3. 2$  Nb;  EP240  wire  of  type  EI435  containing 
1.9-2. 5$  Nb  (used  with  a  coating  which  alloys  the  weld  with  0. 19-0. 25# 
C).  3)  Combinations  of  these  elements:  IMET-9  electrodes  with  an  EI868 
core  and  a  coating  which  alloys  the  seam  (0.25-0.3$  C  and  2.5-3$  Nb). 

However,  as  a  result  of  their  reduced  A L  and  Tl  contents  none  of 
these  rod  materials  make  It  possible  to  obtain  Joints  equal  in  strength 
to  the  hlgh-hot-strength  alloys  EP199,  EI867#  EI827,  etc.  (Table  2). 

Cast  nickel-chromium  alloys  containing  B,  Al,  end  T1  (VZh36-L2, 
ZhS3,  etc. )  are  still  more  difficult  to  weld  than  defonoed  alloys.  How¬ 
ever,  those  containing  no  B  and  large  quantities  of  Co  and  Mo  (IJC^I ) 
exhibit  no  tendency  to  hot-crack  during  welding. 

It  Is  necessary  to  try  to  weld  Ni  alloys  at  as  low  a  specific 
arc  energy  as  possible.  In  order  to  intensify  the  passage  of  strength¬ 
ening  alloying  elements  (Al,  Tl,  Mo,  V,  etc. )  into  the  weld  these  elec¬ 
trodes  carry  coatings  with  an  elevated  CaF^CaCO^  ratio  and  high  Mn, 

Al,  and  Tl  contents,  this  ensuring  a  low  oxidizing  power.  In  submerged- 
arc  welding  with  halide  fluxes  the  NaF  content  of  the  latter  Is  limi¬ 
ted  to  5-10$,  since  this  compound  reacts  with  Al  and  Tl;  such  restric¬ 
tion  of  the  NaF  content  also  Intensifies  the  modification  effect  and 
Increases  the  resistance  of  the  weld  to  hot  cracking. 

The  parameters  for  resistance  welding  of  nickel  and  its  alloys 
are  similar  to  those  for  stainless  steel  and  diffe.*  from  those  for 


4442 


carbon  steel  principally  in  the  higher  electrode  pressure  employed. 

References:  Shorshorov,  M.Kh.,  Kristallizatsiya  svarochnoy  vanny  1 
protsessy  v  okoloshomoy  zone  [Crystallization  of  Weld  Pool  and  Process¬ 
es  in  the  Around-the-Weld  Zone.  Formation  of  the  Welded  Joint],  in  books 
Spravochnik  po  svarke  [Handbook  of  Welding],  Vol.  1,  Moscow,  I960,  Chap¬ 
ter  4;  Movchan,  B.A. ,  Mlcroskoplcheskaya  neodnorodnost '  v  lltykh  spla- 
vakh  [Microscopic  Nonuniformity  in  Cast  Alloys],  Kiev,  1962;  Sokolov, 
Yu.V. ,  Shorshorov,  M.Kh. ,  Modifitsiruyushehlye  galoidnyye  flyusy  dlya 
svarki  nikelevykh  splavov  [Modifying  Halide  Fluxes  for  Welding  Nickel 
Alloys],  Svarochnoye  proizvodstvo  [Welding],  1961,  No.  3;  Yerokhln, 

A. A.  Kuznetsov,  O.M. ,  Elektrody  s  bezokislitel 'nym  pokrytiyem  (Elec¬ 
trodes  with  Nonoxidizing  Coatings],  ibid.,  1959#  No.  12;  Bagryanskiy, 

K.V. ,  Kuz'min,  Q.S. ,  Kassov,  D.S. ,  Avtomaticheskaya  svarka  tekhnicheski 
chlstogo  nikelya  pod  keramlcheskim  flyusom  [Automatic  Submerged-Arc 
Welding  of  Technically  Pure  Nickel  with  Ceramic  Flux],  ibid..  No.  11; 
Medovar,  B.I. ,  Safonnikov,  A.N. ,  Lents,  R.O. ,  Zharoprochnost '  svarnykh 
soyedineniy  nlkelekhromovogo  splava  tlpa  Kh20N80TZYu(El437B)  [Hot 
Strength  of  Welds  in  Type  Kh20N80TZYu  Nickel-Chromium  Alloys  (EI437B)], 
Avtomaticherkaya  svarka  (Automatic  Welding],  1959,  No.  2  (71). 


M.Kh.  Shorshorov 
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WELDING  OP  STEEL  -  the  inseparable  joining  of  steel  to  other  me¬ 
tals  and  nonmetals.  Electric-arc  welding  (E)  is  the  most  commonly  em¬ 
ployed  technique,  the  proportion  of  gas  welding  having  decreased.  A 
fuel-oxygen  flame  serves  as  the  heat  source  in  gas  welding  (a  variety 
of  fusion  welding).  Acetylene,  propane-butane  mixtures,  methane,  and 
kerosene-vaporization  products  are  used  as  fuel  gases.  In  arc  welding 
the  metals  are  joined  as  a  result  of  an  interatomic  interaction.  We 
can  distinguish  electric  fusion  and  electric  pressure  welding,  but 
there  are  also  combined  methods.  The  heat  source  in  electric  fusion 
welding  may  be  an  arc  discharge  (arc  welding),  an  ionized  plasma  (plas¬ 
ma  welding)  an  electrically-conductive  molten  flux  or  slag  (molten- 
slag  welding),  or  a  concentrated  beam  of  electrons  (electron-beam  weld¬ 
ing)  or  ions  (ion-beam  welding).  We  can  also  distinguish  ar  welding 
with  fusable  (steel)  and  nonf usable  (carbon,  tungsten)  electrodes.  The 
area  encompassed  by  the  arc  and  fused  metal  can  be  protected  from  the 
atmosphere  with  coatings  applied  to  fusable  electrodes,  with  fluxes 
applied  to  the  edges  to  be  welded,  with  gases  which  drive  the  air  away 
from  the  arc,  or  with  combinations  of  fluxes  and  gases,  etc.  Active 
gases  (hydrogen,  nitrogen,  and  carbon  dioxide)  interact  with  the  liquid 
metal  and  alter  its  composition  and  characteristics  in  the  desired 
manner,  while  neutral  gases  (argon,  helium)  merely  protect  it  from  the 
atmosphere.  In  electric  pressure  welding  the  components  to  be  welded 
are  heated  by  passing  an  electric  current  through  their  contact  surface 
(resistance  welding),  by  electromagnetic  inductio"  (induction  welding), 
or  by  discharge  of  stored  electrical  energy  (capacitor  and  pulse  weld- 
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ing).  The  principal  method  for  the  fusion  welding  of  steel  is  the  arc 
technique,  which  was  discovered  at  the  end  of  the  19th  Century  by  the 
noted  Russian  inventors  N.I.  Bernardos  and  N.G.  Slavyanov.  The  most 
efficient  fusion-welding  technique  is  automatic  submerged-arc  welding. 
This  method  was  developed  in  the  USSR  in  1940,  under  the  supervision 
of  Ye.O.  Paton.  The  most  efficient  method  for  the  electric  welding  of 
very  thick  steel  is  the  molten-slag  technique,  which  was  developed  by 
Soviet  scientists.  Metal  of  virtually  unlimited  thickness  (2  m)  can  be 
welded  in  a  single  pass  by  this  method. 

Welding  in  a  stream  of  argon  (developed  in  the  USA)  or  carbon  di¬ 
oxide  (proposed  in  the  USSR)  is  a  very  promising  method  for  the  elec¬ 
tric  welding  of  thin  and  moderately  thick  steel.  These  two  techniques 
have  completely  replaced  gas  welding.  Argon-arc  welding  is  carried  out 
with  fusable  or  nonfusable  electrodes,  while  welding  in  carbon  dioxide 
is  generally  conducted  with  fusable  electrodes. 

The  principal  technique  for  the  pressure  welding  of  steel  is  re¬ 
sistance  welding.  We  can  distinguish  butt,  spot,  and  seam  resistance 
welding.  This  procedure  is  most  widely  employed  in  the  automobile, 
aviation,  and  defense  industries.  It  is  also  used  in  assembling  piping, 
for  welding  railroad . rails  into  long  continuous  lengths  (so-called 
seamless  rails),  in  rolling  (for  continuous  rolling),  and  in  ship  build¬ 
ing.  Resistance  welding  is  easily  automated.  Completely  automated  re¬ 
sistance  welders  with  programmed  control  are  now  employed  commercially. 
In  view  of  its  high  productivity,  resistance  welding  has  bright  pros¬ 
pects  for  further  development. 

Virtually  all  the  steel  and  alloys  used  in  the  national  economy 
undergo  fusion  and  pressure  welding.  In  order  to  avoid  cracking,  pore 
formation,  etc.,  the  welding  materials  (electrodes,  wire,  fluxes,  active 
gases)  are  selected  so  as  to  produce  a  seam  which  is  quite  similar  In 
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chemical  composition  to  the  str?el  to  be  welded  and  free  of  various  de¬ 
fects.  High-purity  steels  are  used  in  the  manufacture  of  especially 
critical  welded  assemblages  and  components. 

The  USSR  occupies  1st  place  with  respect  to  the  scale  on  which 
modern  welding  techniques  are  employed  and  the  level  to  which  welding 
has  been  mechanized  (up  to  47 %  in  1962-63).  Welding  (especially  elec¬ 
tric  welding)  permits  fuller  utilization  of  the  properties  of  various 
steels  and  other  structural  materials,  thus  ensuring  high  structural 
reliability  and  durability  and  minimal  weight.  Since  progress  in  weld¬ 
ing  science  and  technology  will  provide  solutions  to  the  extremely  im¬ 
portant  technical  problems  facing  many  branches  of  the  national  economy, 
the  July  Planem  of  the  Central  Committee  CPSU  (i960)  planned  special 
measures  for  the  accelerated  development  of  welding  technology. 

Mechanized  electric  welding  will  enable  substantial  progress  to  be 
made  in  heavy  machine  building  (forging  and  pressing  machinery),  ship 
building  (all-welded  ships),  the  piping  industry  (welded  gas  pipes 
with  diameters  of  1020  mm  and  pipes  of  other  sizes),  chemical  machine 
building  (equipment  for  synthetic-alcohol  and  rubber  plants,  for  the 
manufacture  of  polymers,  etc.),  power  engineering  (high-power  steam 
boilers,  as  well  as  steam,  gas,  and  hydraulic  turbines),  rocket  and 
jet  technology,  instrument  building  and  electronics  (welding  of  micro¬ 
modules,  etc.),  metallurgy  (building  up  of  worn  rolling  rollers), 
transportation  (welding  of  rails,  building  up  of  car-wheel  facings), 
etc. 

Totally  new  welding  methods,  friction  and  vacuum-diffusion  welding, 
have  been  developed  in  the  USSR  in  recent  years.  In  vacuum-diffusion 
welding  the  steel  is  not  brought  to  the  melting  point.  An  inseparable 
Joint  is  formed  by  Interaction  of  the  atoms  at  the  content  surfaces. 
Vacuum  heating  is  usually  carried  out  by  the  induction  method,  but  ra- 

4446 


M*  -  v«b.« 


*-  »-■ 


0- 


0 


III-8s3 


diation  or  resistance  heating  is  also  possible.  A  comparatively  low 

p 

pressure  (1-2  kg/mm  )  is  required  to  produce  a  welded  Joint.  A  techni¬ 
que  has  been  developed  for  welding  with  a  coherent  light  beam,  using 
optical  quantum  generators  or  lasers. 

Ultrasound  is  also  employed  in  welding  technology.  In  nonfusion 
welding,  i.e.,  pressure  welding,  ultrasound  is  used  to  break  down  the 
strong  surface  oxide  film,  which  hampers  welding.  In  fusion  welding 
ultrasound  promotes  breakdown  of  the  weld-metal  structure  and  increases 
its  quality. 

In  addition  to  steels  and  iron-based  alloys,  it  is  possible  to 
weld  light  metals  (titanium,  aluminum)  and  their  alloys,  nonferrous 
metals  (copper,  nickel),  and  heavy  and  rare  metals  (tungsten,  molybden¬ 
um,  niobium,  tantalum,  etc.). 

References :  Tekhnologiya  elektricheskoy  svarki  plavlenlyem  [Tech¬ 
nology  of  Electric  Fusion  Welding],  edited  by  B. Ye.  Paton,  Moscow-Kiev, 
1962;  Elektroshlakovaya  svarka  [Molten-Slag  Welding],  edited  by  B. Ye. 
Paton,  2nd  Edition,  Moscow-Kiev,  1959;  Spravochnik  po  svarke  [Handbook 
of  Welding],  edited  by  Ye.V.  Sokolov,  Vol.  1,  Moscow,  I960;  Nikolayev, 
G.A. ,  Svarnyye  konstruktsil  [Welded  Structures],  Moscow,  1962;  Khrenov, 
K.K. ,  Svarka,  rezka  i  payka  metallov  [Welding,  Cutting,  and  Soldering 
of  Metals],  2nd  Edition,  Kiev-Moscow,  1959* 

B. Ye.  Paton 
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WELDING  OP  THERMOPLASTS  -  inseparable  joining  of  assemblages,  com¬ 
ponents,  sheets,  films,  and  other  thermoplast  articles  by  heating  the 
Joint  site  to  a  plastic  state  and  applying  an  external  force.  This  pro¬ 
cess  is  characterized  by  mutual  diffusion  of  the  surfaces  to  be  Joined 
and  is  based  on  the  ability  of  thermoplasts  to  become  viscous  over  a 
temperature  range  specific  for  each  material  and  to  regain  their  ini¬ 
tial  properties  on  cooling.  The  advantages  of  welding  over  other  meth¬ 
ods  for  Joining  thermoplasts  include  identical  properties  in  the  seam 
and  the  base  material,  hermeticity  and  high  joint  strength,  the  fact 
that  it  is  possible  to  produce  strong  joints  in  uncementable  polymers 
(fluoroplast-4,  polyethylene,  polypropylene),  to  mechanize  and  automate 
the  process,  and  to  make  decorative  seams  and  cuts  during  welding,  and 
the  rapidity  with  which  joints  can  be  made. 


Fig.  1.  Diagrams  of  devices  for  welding  plastics  with  heated  element 
(a,  b,  c  -  heat  transfer;  d  -  radiation):  l)  Heater;  2)  water-cooling 
Jacket;  3)  components  to  be  welded;  4)  electric  heater;  5)  press  cross¬ 
head;  6)  electrically  heated  rollers;  7)  endless  belt;  8)  striD  heater; 
9)  welded  component;  10)  pressure  roller;  11)  heated  .edge;  12)  elec¬ 
tric  heating  element.  A)  Welding  direction. 
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In  welding  thermoplasts  the  seam  is  heated  by  thermal  contact, 
high-frequency  current,  gaseous  heat-transfer  agents,  an  extruded 
flange,  ultrasonic  energy,  friction,  or  fusion.  The  choice  of  a  method 
is  dictated  by  the  physical  characteristics  of  the  material,  the  struc¬ 
ture  of  the  component,  the  welding  conditions,  the  requirements  imposed 
on  the  seam,  and  safety  considerations. 

Thermal-contact  welding  is  general-purpose,  ensuring  high  Joint 
strength  with  simple  equipment;  it  is  widely  employed  for  joining  com¬ 
ponents,  sheets,  films,  etc.  The  seam  is  heated  with  heating  elements 
of  varying  design  and  shape  (strips,  slides,  wedges,  rollers,  etc.), 
by  heat  transfer  (Fig.  la,  b,  and  c),  ''r  >w  •nMiatior.  'wig.  Id).  A 

O 

pressure  of  the  order  of  0.5-5  kg/cm  is  applied  to  the  seam  during  or 
after  heating.  The  electrodes  are  usually  heated  with  an  electric  heat¬ 
ing  element.  The  seam  is  cooled  naturally  or  artificially.  Equipment 
for  thermal-contact  welding  is  varied  in  design  (presses,  roller  and 
belt  machines,  automatic  equipment).  In  a  roller  machine  the  rollers 
extend  and  compress  the  material,  while  heating  is  carried  out  with 
a  heating  element  in  the  weld  zone.  Thermal-impulse  machines  are  used 
for  making  straight  seams  in  films.  The  heating  element  is  a  thin  (0.03- 
0.3  mm)  strip  of  high-resistance  alloy,  which  is  fastened  to  an  elec¬ 
trode  through  which  (when  coupled  electrodes  are  used)  high-strength 
current  pulses  are  passed  at  short  Intervals.  The  strip  quickly  heats 
up  and  transfers  its  heat  to  the  seam.  Thermal- impulse  machines  are 
simple  and  convenient  to  operate  and  provide  a  high  welding  speed  and 
good  seam  quality. 

Welding  of  thermoplasts  with  high-frequency  currents  is  based  on 
dielectric  capacitor  heating.  The  electrodes  provide  pressure  against 
the  material  in  the  weld  zone  and  fonn  a  capacitor,  in  whose  electric 
field  the  material  is  heated.  A  thermal  field  develops  in  the  material 
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as  a  result  of  the  dipole  losses  and  relaxation  processes  caused  by 
the  interaction  of  the  external  high-frequency  electric  field  (acting 
between  the  electrodes)  with  the  internal  molecular  electric  charges. 
Heating  lasts  several  seconds  and  the  heat  is  uniformly  distributed 
throughout  the  material  (the  principal  advantage  of  high-frequency 
heating).  Machines  for  high-frequency  welding  of  thermoplasts  consist 
of  a  vacuum-tube  generator  and  press  (Pig.  2)  or  a  roller  device  (Pig. 
3).  The  press  may  have  an  electrical,  mechanical,  hydraulic,  or  pneu¬ 
matic  drive  and  manual,  pedal,  or  automatic  control.  Both  fixed  and 
portable  machines  are  used.  The  latter  are  equipped  with  movable  clamp- 
type  electrodes  (Pig.  4)  for  welding  difficult-to-reach  areas.  In  press 
welding  the  entire  Joint  or  segments  of  it  are  made  with  electrodes, 
one  of  which  reproduces  the  seam  configuration.  These  electrodes  may 
vary  in  profile  (Pig.  5).  Press  welding  ensures  consistant  seam  qual¬ 
ity  and  a  high  welding  speed  and  makes  it  possible  to  decorate  the 
seam  (by  imprinting  letters  or  patterns).  In  roller  machines  the  elec¬ 
trodes  are  two  rollers,  which  extend  and  compress  the  material.  Such 
machines  are  Intended  for  welding  PK-4  polyamide  film. 


Fig.  2.  Press  for  welding  plastics  with  high-frequency  current:  1)  High- 
frequency  generator;  2)  electric  motor;  3)  press  stock;  4)  electric  mo¬ 
tor  for  feeding  press  stock;  3)  generator  and  press  controls;  6)  insu¬ 
lators;  7)  press  plate. 
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Fig.  3.  Roller  machine  for  welding  plastics  with  high-frequency  current: 
l)  High-frequency  generator;  2)  rollers;  3)  drive  motor;  4)  control 
pedal;  5)  film  to  be  welded. 


Fig.  4.  Portable  apparatus  with  movable  electrodes  for  welding  plas¬ 
tics  with  high-frequency  current;  l)  High-frequency  generator;  2)  clamp; 
3)  electrodes;  4)  high-frequency  cable. 
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Fig.  5.  Profiles  of  electrodes  and  seams;  1,  2f  3)  Electrodes  for  weld¬ 
ing  and  simultaneous  indentation;  4)  distribution  of  high-frequency 
field  between  electrodes;  5)  lap  seam;  6)  T  seam.  A)  High-frequency 
field. 


High-frequency  welding  machines  are  screened,  since  they  create 
radio  and  television  interference  when  operating. 

Welding  with  gaseous  heat-transfer  agents  is  employed  for  struc- 
I itural  components  (containers,  tanlcs,  apparatus,  plastic  floor  and  cell- 
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Fig.  6.  Welding  of  thermoplasts  with  gasous  heat-transfer  agents:  1) 
Welding  torch;  2)  rod  material;  3)  heating  zone;  4)  material  to  be 
welded. 

lng  coverings,  assembly  of  communications  equipment,  lining  of  appara¬ 
tus  with  thermoplast  sheets,  etc.)  and  Is  conducted  with  added  material 
(rod  or  strip)  (Fig.  6).  Soft  sheet  materials  (polyisobutylene  or  poly¬ 
vinylchloride)  are  lap-welded  with  hot  gas,  using  no  added  material. 

In  this  type  of  welding  the  Joint  zone  Is  heated  with  hand-held  torches 
of  various  designs  (Fig.  7).  Air  or  an  Inert  gas  Is  used  as  the  heat- 
transfer  agent,  since  the  surface  of  certain  thermoplasts  is  oxidized 
In  the  presence  of  oxygen,  which  reduces  their  weldability  and  the 
strength  of  the  Joint.  The  temperature  of  the  gas  coming  from  the  noz¬ 
zle  is  adjustable  and  Is  kept  at  a  constant  level  for  a  given  material 
during  welding  (se*'  T  ule).  The  average  welding  speed  of  a  single  seam 
is  10-12  m/hr.  Butt  welding  with  preliminary  trimming  of  the  edges  to 
be  welded  is  recommended  for  sheets  and  tiles  (Fig.  8).  Selection  of 
a  seam  profile  is  dictated  by  the  Joint  structure,  location,  and  acces¬ 
sibility  and  the  thickness  of  the  material.  When  the  welding  regime  is 
correctly  selected  and  welding  is  properly  executed  the  tensile  strength 
of  the  Joint  amounts  to  80-90#  of  that  of  the  base  material. 

A  portable  manual  extruder  supplied  with  a  polyethylene  rod  or 
strip  is  usually  employed  for  welding  polyethylene  films,  sheets,  and 
as  emblages  (extrusion  welding).  Molten  material  from  the  extruder  is 


Weldability  of  Thermoplasts 


*S  —  Weldable. 

1)  Material;  2)  welding  temperature  (°C);  3)  tangent  of  angle  of  di¬ 
electric  loss,  at  loo  cps;  4)  welding  method;  5)  high-frequency;  6) 
press;  7)  roller;  8)  thermal;  9)  thermal-contact;  10)  roller;  11)  ther¬ 
mal-pulse;  12)  gaseous  heat-transfer  agents;  13)  extruded  flange; 

14)  ultrasonic  energy;  15)  friction;  16)  plasticized  polyvinylchloride; 
17)  viniplast;  18)  poly viny Udine  chloride;  19)  polyethylene  VD;  20) 
polyethylene  ND;  21)  polypropylene;  22)  polycarbonate;  23)  polystyrene; 
24)  polyamides:  25)  organic  glass;  26)  fluoroplast-4;  27)  etrol;  28) 

S;  29)  air;  30)  nitrogen. 


Pig.  7.  Torches  for  welding  plastics  with  gaseous  heat— transfer  agents: 
a)  With  electric  heating  element  (1  -  ceramic  insulators;  2-  helix; 

3  -  connecting  sleeve  for  supplying  gaseous-transfer  agent;  4  -  insula¬ 
tor  tie-rod;  5  -  power  lead);  b)  with  gas  heating  (l  -  coll;  2  -  gas- 
torch  nozzle;  3  —  connecting  sleeve  for  supplying  gaseous-transfer 
agent;  4  -  connecting  sleeve  for  supplying  hot  gas). 


Pig.  8.  Trimming  of  weld  edges:  1)  V-shaped  seam;  2)  X-ahaped  seam; 
3)  order  of  applying  added  material  during  welding. 
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Fig.  9.  Friction  welding:  1)  Holding  device;  2)  components  to  be  join¬ 
ed;  3)  rotating  component;  4)  fixed  components;  3)  stop;  6)  welded 
Joint. 

forced  Into  the  weld  zone  through  a  head  which  furnishes  a  flange  with 
a  given  profile.  The  screw  feed  can  be  electrical  or  pneumatic.  Extru¬ 
sion  welding  Is  conducted  at  speeds  of  up  to  100  m/hr. 

Ultrasonic  welding  of  thermoplasts  is  employed  to  produce  compon¬ 
ents  with  complex  shapes.  In  this  type  of  welding  stresses  leading  to 
plastic  deformation  and  thus  to  a  rise  In  temperature  are  created  In 
the  surfaces  to  be  butt-welded.  The  work  piece  Is  placed  between  the 
end  of  a  converter  waveguide  and  a  clamp  to  which  the  force  necessary 
to  create  the  desired  pressure  at  the  seam  Is  applied.  Heating  occurs 
only  in  the  butt  area  (the  principal  advantage  cr  ultrasonic  welding). 

Friction  welding  is  used  for  face-welding  of  round  components 
(Fig.  9).  One  component  is  rigidly  clamped  and  the  other  is  rotated  and 
pressed  against  the  stationary  component.  The  resultant  frlcticn  pro¬ 
duces  heat,  which  melts  the  contact  surfaces.  Lathes  are  used  for  this 
type  of  welding.  The  pressure  perpendicular  to  the  friction  plane  is 
4-6  kg/cm  end  the  relative  angular  velocity  ranges  up  to  30  m/tein. 
Friction  welding  is  not  used  commercially,  since  it  has  a  number  of 
drawbacks:  the  principal  parameter  (temperature)  of  the  welding  process 
cannot  be  regulated,  the  seam  obtained  has  a  nlcroporous  structure, 
and  there  Is  a  considerable  scattering  of  strength  indices. 


Pig.  10.  Diagram  of  fusion  welding  of  films:  1)  Section  iron;  2)  radi¬ 
ant  heater;  3)  welded  films. 

Fusion  welding  of  thermoplasts  is  employed  principally  in  the  man¬ 
ufacture  of  various  containers  from  polyethylene  film  (Pig.  10);  seams 
made  by  this  method  function  poorly  under  bending  loads  (breaking)  as 
a  result  of  the  partial  destruction  of  the  material  in  the  seam  zone. 

References:  Neiman,  J.A. ,  Bokkhov,  F.J. ,  Svarka  plastmass  [Welding 
of  Plastics],  translated  from  English,  Moscow,  1961;  Vashin,  G.Z. ,  Nem- 
kovskiy,  I. A.,  Svarka  plastmass  (VNIIAvtogen.  Svarochnyye  materlaly  po 
gazoplam.  obrabotke  metallov  [Welding  of  Plastics],  Moscow,  i960  [All- 
Union  Scientific  Research  Institute  for  Atuogeneous  Processing  of  Me¬ 
tals,  Welding  Materials  for  Gas-Fusion  Processing  of  Metals]),  No.  20; 
Semyachkln,  S. ,  Sovremennyye  sposoby  svarkl  plastlchesklkh  mass  [Mod¬ 
ern  M  thods  for  Welding  Plastics],  Moscow,  1959;  Tzade,  G.P. ,  Elec- 
trotermlcheskaya  i  vysokochastotnaya  svarka  plastlchesklkh  mass  [Elec- 
trothemal  and  iUgh-Frequency  Welding  of  Plastics],  translated  from 
German,  Moscow,  1962;  Shroeder,  W. ,  Obrabotka  1  svarka  plastlchesklkh 
mass  [Processing  and  Welding  of  Plastics),  translated  from  German, 

4th  Edition,  Moscow,  I960;  Mordvintseva,  A.V. ,  Ol'shanskiy,  N.A.,  Sov¬ 
remennyye  metody  svarkl  plastmass  [Modern  Methods  of  Welding  Plastics), 
(A  survey),  Moscow,  1961;  Grishin,  N.A.,  Svarochnoye  proizvodstvo 
[Welding],  1959,  No.  12,  page  18. 

M.M.  Vysotskiy  and  N. A.  Grishin 
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WELDING  OF  TITANIUM  ALLOYS.  The  high  activity  of  titanium  and  its 
alloys  with  respect  to  02,  Ng,  and  Hg  at  temperatures  above  650°  makes 
it  necessary  to  protect  the  weld  zone,  which  is  heated  to  higher  tem¬ 
peratures  during  welding,  with  inert  gases  or  halide  fluxes.  The  prin¬ 
cipal  techniques  used  for  welding  titanium  alleys  are  tungsten-elec¬ 
trode  arc  welding  in  argon  without  added  metal  (for  sheets  from  0.3  to 
3  mm  thick)  or  with  added  metal  (for  sheets  from  0.8  to  30  mm  thick), 
fusable-electrode  arc  welding  in  an  argon-helium  mixture  (for  sheets 
from  3  to  30  mm  thick),  submerged-arc  welding  (for  sheets  from  2.5  to 
30-50  mm  thick),  molten-slag  welding  with  additional  argon  shielding 
of  the  slag  bath  (for  sheets  more  than  50  mm  thick),  unshielded  spot 
and  seam  resistance  welding  (for  sheets  from  0.8  to  3  mm  thick),  and 
shielded  butt  fusior  elding  (for  components  from  100  to  10,000  mm~  in 
cross  section). 

As  a  result  of  the  negative  influence  of  gases  on  the  plasticity 
and  impact  strength  of  welds  in  titanium  argon  containing  0.01-0.02  + 

+  N,v  and  0.005$  Og  Is  employed.  The  gas  content  of  alloys  consisting 
of  a-  or  a  +  3-titanium  should  not  exceed  0.15-0.20$  02,  0.03-0.05$  N2, 
and  0.005-0.01$  Hg.  Restriction  of  the  H2  content  is  also  necessitated 
by  the  danger  of  cold  cracking  during  welding  as  a  result  of  hydride 
transformation,  which  occurs  at  temperatures  below  300°  and  is  accom¬ 
panied  by  an  increase  in  volume.  Vacuum  annealing  of  the  rod  wire  and 
reduction  of  its  H2  content  tr  0.002$  are  consequently  necessary  In 
welding  a-alloys  and  certain  a  +  3-alloys.  The  Hg  content  of  a  +  3-al- 
loys  containing  a  large  amount  of  3-phase  may  be  as  high  as  0.015$, 
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since  H2  is  highly  soluble  in  0-titanium. 

The  welding  method  and  regime  is  selected  in  accordance  with  the 
alloying  elements  present  and  the  content  of  detrimental  impurities. 

It  is  also  necessary  to  take  into  account  the  tendency  of  titanium  al¬ 
loys  toward  grain  growth  and  toward  hardening  and  formation  of  a  heter- 
ophasic  structure  in  the  area  around  the  weld,  which  leads  to  a  decrease 
in  plasticity.  The  principal  criterion  in  selecting  a  welding  regime 
is  provision  of  a  cooling-rate  range  in  the  area  around  the  weld  which 
will  ensure  an  optimum  ratio  of  mechanical  characteristics  (see  Table). 

Titanium  alloys  are  divided  into  two  groups:  l)  alloys  which  can 
be  heat-treated  after  welding  (a-alloys,  a  +  0-alloys),  containing  sta- 
balizing  elements,  especially  Pe,  Cr,  and  Mn,  in  concentrations  no 
higher  than  their  maximum  a-phase  solubility  (usually  no  more  than  2-3$), 
and  0-alloys  with  a  stable  0-phase,*  2)  alloys  which  can  be  heat-treated 
after  welding  (the  majority  of  a  +  0-alloys). 

Alloys  of  the  1st  group  (a-alloys)  are  readily  welded  when  they 
contain  up  to  5-5.5#  A1  and  up  to  2.5#  Sn  (VT5  and  VT5-1).  The  mechani¬ 
cal  characteristics  of  welds  in  these  alloys  are  similar  to  those  of 
the  base  metal.  Welding  of  a-alloys  must  be  conducted  at  the  lowest 
possible  specific  arc  energy  (the  greatest  possible  cooling  rate)  with* 
in  the  limits  of  the  optimum  cooling-rate  range.  Welds  in  alloys  con¬ 
taining  2-5#  A1  and  1-2#  Mn  (0T4-1,  0T4,  VT4)  or  a  total  of  1-2#  Cr, 

Pe,  and  Si  (AT3  and  AT4)  have  a  slightly  lower  plasticity  than  the 
base  metal.  A  A1  content  of  more  than  5.5#  (0T4-2)  greatly  reduces  weld 
plasticity.  These  alloys  are  not  hardened  by  heat  treatment.  When  weld¬ 
ing  assemblies  of  these  alloys  tempering  is  recommended  to  relieve 
the  residual  stresses  (see  Heat  treatment  of  titanium  alloys).  i' 

Welds  in  alloys  of  the  2nd  group  (a  +  0-alloys)  containing  a  total 

of  from  3  to  7#  Mo  and  V  (VT14  and  VT16)  also  exhibit  satisfactory 
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Mechanical  Characteristics  of  Welds  in  Titanium  Alloys 
and  Optimum  Cooling  Rates  in  the  Around-the-Weld  Zone 
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♦R  -  straightening  radius,  6  -  sheet  thickness. 

♦♦Fracture  of  welds  under  tension  occurs  along  the  base  metal. 

♦**ADS  -  argon-arc  welding,  DSF  -  submerged-arc  welding  with  DTl-al- 
loy  wire. 

♦♦♦♦There  is  no  optimum  range,  but  over  the  Indicated  range  the  bend¬ 
ing  angle  and  elongation  of  welds  are  no  less  than  50-60#  of 
those  of  the  base  metal. 

***** After  quenching. 

******After  quenching  and  aging. 


1)  Alloy;  2)  characteristics  of  annealed  base  metal;  3)  ultimate 
strength  (kg/mm2);  4)  relative  elongation  {#) ;  5)  bending  angle  at  R  = 
=  6  (degrees);  6)  impact  strength  (kg-m/cm*);  7)  welding  method  and 
sheet  thickness;  8)  characteristics  of  welds;  9)  optimum  cooling-rate 
range  at  900°  (degrees/sec);  10)  VTl-lj  11)  VT1-2;  12)  VT5;  13)  VT5-1; 
14)  0T4-1;  15)  0T4;  16)  VT4;  17)  VT6;  18)  VT3-1;  19)  VT14;  20)  VT16; 
2l)  AT3;  22)  AT4;  23)  ADS;  24)  the  same;  23)  DSF;  26)  none. 


plasticity  after  welding  and  are  usually  strengthened  by  heat  treat¬ 
ment  (aging  or  quenching  and  aging). 

An  intermediate  position  between  these  two  groups  is  occupied  by 
a  +  0-alloys  containing  4, 3-6. 5#  A1  and  3-4.5#  Mo  or  V  (VT6  and  VT8). 
Those  0-alloys  containing  a  stable  0-phase  (e.g. ,  25#  Mo)  are  readily 
welded;  the  plasticity  of  the  weld  is  virtually  the  same  as  that  of 
the  base  metal. 
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Titanium  can  be  fusion-welded  to  zirconium,  niobium,  tantalum, 
molybdenum,  and  vanadium,  with  which  it  forms  solid  solutions.  Welding 
of  titanium  to  other  metals  requires  an  intermediate  coating,  facing, 
or  lining.  For  example,  tantalum  facings  are  used  in  arc-welding  titan¬ 
ium  to  copper,  vanadium-foil  facings  are  employed  in  spot  and  seam  re¬ 
sistance-welding  titanium  to  steel,  etc. 

References:  Shorshorov,  M.Kh. ,  Nazarov,  G.V. ,  Svarka  titana  i 
yego  splavov  [Welding  of  Titanium  and  Its  Alloys],  Moscow,  1959 j  Shor¬ 
shorov,  M.Kh.,  Nazarov,  G.V. ,  Titan  i  yego  splavy  [Titanium  and  Its 
Alloys],  No.  7,  10,  Moscow,  1962-63  (Institute  of  Metallurgy  imeni 
Baykov);  Poplavko,  M.V. ,  Manuylov,  N.N. ,  Gruzdeva,  L.  A. ,  Svarka  titana 
[Welding  of  Titanium],  Moscow,  1958  (Moscow  House  of  Scientific-Techni¬ 
cal  Information  Imeni  Dzerzhinskiy :  Ser.  Tekhnologiya  mashinostroyeniya 
[Mechanical  Engineering  Series],  No.  29);  Lashko,  N.F. ,  Lashko-Avakyan, 
S.V. ,  Svarivayemyye  legkiye  splavy  [Weldable  Light  Alloys],  Leningrad, 
I960;  Rabkin,  D.M. ,  Gurevich,  S.M. ,  Svarka  titani  i  yego  splavov  [Weld¬ 
ing  of.  Titanium  and  its  Alloys],  In  book:  Tekhnologiya  elektricheskoy 
svarkl  plavleniyem  [Technology  of  Electric  Fusion  Welding],  Moscow- 
Klev,  1962. 


M.Kh.  Shorshorov  and  G.V.  Nazarov 
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WHISKERS  ~  conventional  designation  of  artificially  obtained  me¬ 
tallic  and  nonmetallic  threads ,  primarily  monocrystals.  The  diameter  of 
whiskers  is  from  tenths  to  hundredths  of  a  micron,  the  ratio  of  the 
length  to  the  diameter  may  be  as  high  as  a  thousand.  The  strength  of 
whiskers  increases  with  a  reduction  in  length.  Whiskers  are  usually 
tested  in  flexure  or  tension.  Certain  mechanical  properties  of  whiskers 
have  the  standard  magnitude  (modulus  of  elasticity),  but  the  strength 
and  the  highest  deformation  of  whiskers  substantially  exceed  those  ob¬ 
tained  in  large  cross  sections  of  the  same  materials;  for  example,  the 

Mechanical  Properties  (in 

kg/ram  )  of  Whiskers  and 
Monocrystals  of  Certain 
Metals 
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p 

strength  of  whiskers  comprises  1000-2000  kg/n*n  ,  which  by  approximately 
a  factor  of  10  exceeds  the  maximum  strength  obtained  in  specimens  from 
the  strongest  metals  in  large  cross  sections;  r.he  elastic  elongation  is 
1-2#,  sometimes  5 -€#.  Due  to  the  high  elastic  deformation  capacity,  de¬ 
viations  from  Hooke’s  law  are  observed  in  whiskers.  The  creep  rate  in 
whiskers  is  by  a  factor  of  hundreds  lower  than  in  specimens  with  large 
dimensions.  Admixtures  reduce  the  mechanical  properties  of  whiskers. 
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The  causes  for  the  high  strength  of  whiskers  are  still  not  clear ,  they 
can  be  attributed  to  the  perfection  of  structure  and  surface ,  small 
cross! -sectional  dimensions  and  high  simultaneity  of  strength  distur¬ 
bances,  etc.  The  strength  of  whiskers  is  by  a  factor  of  8-80  higher 
than  the  ultimate  strength  and  by  a  factor  of  80-1200  higher  than  the 
yield  strength  of  crystals  of  the  same  materials. 

.When  using  the  high  strength  of  whiskers  under  actual  conditions 
it  Is  necessary  to  take  into  account  their  high  elastic  deformabillty 
and  deviations  of  the  elastic  branch  of  the  stress -strain  diagram  from 
linearity. 

References:  Nadgornyy,  E.M.  [et  al.  ],  "UPN”  [Progress  of  Physical 
Sciences),  Vol.  6?,  issue  4,  1959. 

Ya.B.  Fridman 


WILLEMITE-  mineral,  a  zink  silicate  Zn2  [SiO^].  The  crystal  struc- 
ture  of  willemite  is  formed  by  close-packed  tetrahedrals  with  Si  and  Zn 
located  in  their  centers.  Troostite  is  a  variety  of  willemite  in  which 
a  part  of  the  zink  is  replaced  by  manganese.  The  elementary  rhombohedral 
space-lattice  unit  of  the  mineral  contains  6  molecules  of  Zn^fSiO^]. 

The  specific  weight  of  willemite  is  from  3.89  to  4. 18.  Cleavageability 
along  (1120)  is  perfect,  along  {0001}  it  is  imperfect.  The  fracture  is 
conchoidal  to  irregular,  brittle.  The  Mohs  hardness  is  5*  5-  The  color 
changes  depending  on  the  manganese  and  iron  admixture  from  colorless, 
white,  yellowish-brown,  cinnamon  to  blood-red  or  darkish-brown.  The 
color  of  troostite  is  greenish-brown,  reddish.  The  streaks  are  color¬ 
less.  The  luster  is  oily  to  glass-like.  The  refraction  index  is  N 

C 

1.720-1.723;  NQ  1.691-1.693-  Single-axis,  positive.  Melting  temperature 
1465°.  Thermal  expansion  coefficient  in  heating  32*10""^.  Willemite  is 
highly  luminescent  in  x-  and  ultraviolet  rays,  emitting  yellowish-green 
light,  if  the  mineral  contains  even  a  moderate  percentage  of  manganese. 
It  emits  a  green  glow  when  a  cathode  beam  is  shined  upon  it.  The  man¬ 
ganese  ions  serve  as  luminescence  centers.  Luminescence  spectra  of 
single  crystals  of  (Zn,  Be)2[SiO^],  activated  by  manganese  shift  the 
maximum  from  5250  A  (for  pure  Zn2[Si0^]Mn)  to  5310  A.  For  a  specific 
concentration  of  beryllium  in  manganese-activated  willemite  it  is  pos¬ 
sible  to  obtain  white  glow.  Infrared  absorption  spectra  are  character¬ 
ized  by  absorption  maxima  at  10.25  and  10.74  microns,  and  also  by  addi¬ 
tional  maxima  at  11.10  and  11.52  microns.  Willemite  is  synthesized  by 
passing  SiCl^  vapor  over  ZnO;  by  interacting  ZnO  and  SiOg  at  365*,  and 
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a  pressure  of  200  atm;  by  roasting  ZnO  and  SiOg  in  stoichiometric  quan¬ 
tities  with  an  addition  of  MnfNO^Jgj  from  the  waterless  gas  phase  in 
the  Zn0-Be0-Si02  system  using  NaF  and  BeFg  as  mineralizers,  and  also  by 
other  methods.  Single  crystals  with  the  composition  (Na,  Be)2[S10^]Mn 
were  recently  obtained.  Manganese-activated  wlllemlte  and  solid  solu¬ 
tions  with  the  composition  (Zn,  Be)2[SiO^]Mn  are  used  as  lumlnophors  in 
the  manufacture  of:  cathode  oscillographs,  television  tubes,  radar  in¬ 
stallation  screens,  low-pressure  luminescent  lamps,  which  have  a  maxi¬ 
mum  light  yield  in  the  visible  part  of  the  spectrum.  Zinc  is  extracted 
from  the  willemite  ore.  Willemite  in  the  form  of  transparent  topaz- 
yellow  crystals  is  used  as  a  precious  stone. 

References:  Sobolev,  V.  P.  and  Klyaglna,  I.  P> ,  Sintez  i  issledovan- 
iye  monokristallov  lyuminofora  (Zn,  Be)2SiO^  [Synthesis  and  Study  of 
Single  Crystals  of  the  (Zn,  Be)2SiO^  Luminophor],  "Zhurnal  necrganiches- 
koy  kliimi!"  [Journal  of  Nonorganic  Chemistry],  Vol.  5,  Issue  1C,  i960; 
Osikov,  V.  V. ,  Osobennosti  kristallicheskoi  fazy  silikata  tsinka  i  lyum- 
inistsentnyye  svoistva  tsink-silikatnykh  luminoforov,  aktivirovannykh 
margantsem  [Features  of  the  Crystal  Phase  of  Zinc  and  the  Luminescent 
Properties  of  Manganese -Activated  Zink  Silicate  Lumlnophors],  "Izves- 
tiya  AN  SSSR,  Seriya  fizicheskayf  [Bulletin  of  the  Academy  of  Sciences 
of  the  USSR,  Physical  Series],  Vol.  23,  No.  11,  1959;  Gugel',  B.M.  and 
Snapochnik,  M.M. ,  Uluchsheniye  kachestva  lyuminofomogo  sloya  v  lumi- 
nestsentnykh  lampakh  [Improving  the  Quality  of  the  Luminophor  Layer  in 
Luminescent  Lamps],  Ibid,  Vol.  21,  No.  5,  1957. 

M.  D.  Dorfman 
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WOLLASTONITE  -  a  mineral,  a  metasilicate  of  calcium  CaSiO^  (48.250 
CaO  and  51*750  of  Si02),  sometimes  contains  up  to  90  FeO  and  MgO.  Low- 
temperature  wollastonite )  (jp-wollastonite)  is  formed  in  two  versions: 
triclinic  (wollastonite)  and  monoclinic  (parawollastonlte),  the  proper¬ 
ties  of  which  are  close  to  one  another.  Wollastonite  forms  flat  lamel¬ 
lar  crystals,  radiating  or  shell-like  aggregates.  The  color  is  white, 
gray,  sometimes  pink.  The  whiteness  of  ground  wollastonite  is  sometimes 
as  high  as  94-960  of  the  whiteness  of  a  barium  plate.  Specific  weight 
2.80-2.85,  Mohs  hardness  4. -4. 5.  Refraction  indices  Ng  *  1.631,  « 

1.623,  Np  =  I.616.  Perfect  eleavability  along  (100)  and  good  cleavabili- 
ty  along  (001)  and  (102).  Solubility  in  water  comprises  O.095  g  per  100 
cm^  at  20°.  At  1150  ±  10°  it  becomes  monoclinic  a  wollastonite.  The 
specific  weight  of  a-wollastonltc  is  2.90,  Mohs  hardness  5*  Refraction 
indices  Ng  =  1.651,  Nffi  =  1.611  and  Np  =  1.610.  It  forms  a  eutectic  with 
tridymite  (630  S102)  at  1436  ±  5#*  When  heated  to  1540°  wollastonite 
melts  into  a  brown  glass,  with  a  viscosity  of  2.70  at  1550*  of  2.40  at 
1600*  and  of  2.38  poises  at  I6500.  Wollastonite  has  high  dielectric 
properties.  The  tangent  of  the  dielectric  losses  angle  of  6-wollaston- 
ite  at  f  *  10^  cps  and  100*  is  42*10“\  at  200*  it  is  50*  loH*,  at  300* 
it  is  72*10_J+j  for  a-wollastonite  this  tangent  is  1.2*10“^*  at  100*, 
3'IOT4  at  200*  and  6'lcH1  at  300*. 

Wollastonite  is  used  extensively  in  ceramics,  since  it  imparts  a 
number  of  specific  properties  to  the  products.  It  is  used  as  an  additive 
to  porcelains  and  glazes  or  as  the  basic  component  of  a  mass.  Addition 
of  moderate  quantities  of  wollastonite  to  fieldspar  porcelain  reduces 
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the  porosity  of  the  body.  Increases  the  contraction  and  improves  the 

electric  Insulation  properties  and  the  color  of  products.  Wollastonite 

with  bentonite  as  the  binder  Is  used  for  obtaining  tiles  or  facing 

plates  0. 5-1. 0  cm  thick,  which  have  a  high  strength,  can  be  drilled  and 

are  capable  of  holding  nails  Just  as  well  as  wood.  Wollastonlte  Is  used 

for  obtaining  of  ceramics  used  In  radio  engineering  and  high-voltage 

porcelain  which  has  high  dielectric  properties,  partlculary  at  elevated 

temperatures.  Wollastonlte  ceramics  used  In  radio  engineering  have  a 

dielectric  permeability  of  6-6. 5;  the  tangent  of  the  dielectric  losses 

angle  at  f  -  1«106  cps  and  20°  Is  0. 0005-0. 0008,  at  80*  it  is  0.0006- 

0.0012;  the  specific  volume  resistivity  at  a  temperature  of  20*  is 
14 

higher  than  10  ohm- cm,  the  electric  strength  is  30-50  kv/mm,  coeffi- 

«  -6 

cient  of  linear  expansion  in  the  interval  of  20-100  is  5*10  ,  ulti- 

o 

mate  flexural  strength  is  1300-1800  kg/cm  and  the  sintering  tempera¬ 
ture  is  1220-1250*.  Wollastonlte  is  used  extensively  by  itself  and  to¬ 
gether  with  argillaceous  components  as  a  filler  for  paper  (it  Imparts 
It  a  silky  luster).  Due  to  its  low  oil  number  and  good  body  wollaston- 
ite  is  used  extensively  as  a  paint  pigment  and  intensifier;  in  poly- 
vlnylacetate  paints  it  acts  as  a  buffer,  maintaining  pH  values  in  the 
paint  system  of  about  7.5-8. 0.  at  which  corrosion  phenomena  are  reduced; 
pirgments  which  are  not  suitable  for  an  acidic  medium  (ultramarine, 
etc. )  earn  in  this  case  be  used  together  with  wollastonlte;  moreover, 
wollastonlte  imparts  an  effective  silky  luster  to  the  painted  surface. 
Wollastonlte  is  used  also  in  glass  manufacture  Instead  of  chalk  and 
lime  additives  in  the  fusing  of  glass;  in  metallurgy  as  a  component  of 
the  grease  coating  of  welding  electrodes  and  as  a  flux  used  for  adjust¬ 
ing  the  viscosity  of  slag;  as  a  filtering  and  heat  insulation  material 
a?:.*  also  as  an  additive  to  and  substitute  for  asbestos  in  asbestos- 
cement  compositions;  as  a  filler  of  synthetic  and  natural  rubbers  and 
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plastics  (first  treated  by  chloridizing  agents);  as  a  binder  in  the 
production  of  artificial  abrasives;  for  obtaining  light-colored  mineral 

wool,  special  cements,  which  after  roasting  can  be  drilled,  sawed  and 
pierced  by  nails;  as  a  fertilizer  for  liming  of  acidic  soils.  Vollas- 
tonlte  is  a  valuable  chemical  raw  material.  Finely  ground  wollastonlte 
together  with  sulfuric  acid  gives  a  paste  which,  as  a  result  of  an  exo¬ 
thermic  reaction  increases  substantially  in  volume;  the  resulting  pro¬ 
duct  (silica  gel  mixed  with  calcium  sulfate)  has  a  high  absorptivity. 

The  industry  makes  use  of  concentrates  which  are  obtained  by  bene- 
flclatlon  of  wollastonlte  ores.  The  basic  requirements  put  to  them  are: 
low  content  of  iron  and  titanium  oxides  (not  more  than  0. 5%),  invaria¬ 
bility  of  the  chemical  and  grain  composition.  The  paint  industry  of  the 
USA  uses  concentrates  with  a  grain  size  less  than  30  microns,  while  the 
ceramics  industry  uses  coarser  grain  sizes. 

References:  Petrov,  V.  P.  Novyye  vidy  nemetalllchesklkh  pole  my  kh 
lskopayemykh  [New  Kinds  of  Nonmetalllc  Minerals],  "Razvadka  1  okhrana 
nedr  [Exploration  and  Protection  of  Mineral  Resources],  No.  3,  pages 
1-10,  1955;  Bogoroditskiy,  N.  P.  [et  al.  ],  Vollastonit  -  syr'ye  dlya 
keramlcheskol  promyshlennostl  [Wollastonlte  as  a  Raw  Material  for  the 
Ceramics  Industry].  "SiK, *  No.  11,  page  32,  1959;  Hall,  A.L.  (and 
others].  Enter  wollastonlte  -  new  commercial  nonmetalllc  mineral.  "Min¬ 
ing  Engineering,"  Vol.  4,  No.  10,  1952. 

V.I.  Fln*ko 
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WOODOLITE  -  pressed  in  a  single  piece  or  composite  wood  plastic 
material.  Is  obtained  in  molds  from  pulverized  wood  particles  inpreg- 
nated  by  solutions  of  phenolformadehyde  and  other  resins.  Monolitic 
products  or  blanks  of  the  specified  shape  are  formed  by  pressing. 

Brands  of  woodolite  differ  by  the  size  of  the  wood  particles  and  the 
type  of  resin  used  for  their  impregnation.  The  physicomechanical  prop¬ 
erties  of  various  brands  of  woodolite  are  given  in  Table  1. 

In  comparison  with  ordinary  phenolformaldehyde-base  pressed  materi¬ 
als  from  molding  compositions,  woodolite  has  a  higher  strength  bending 
and  a  high  impact  ductility.  Woodolite  has  a  lower  water  resistance 
than  ordinary  pressed  materials.  The  properties  of  woodolite  as  a  func¬ 
tion  of  wood  particle  size  are  given  in  Table  2. 


TABLE  1 

Physicomechanical  Proper¬ 
ties  of  Woodolite 


|  IMapKH  flpeBOJIHTi 

noKtaaTeJUt 

i 

1 

B 

a 

g 

i3 

p  • 

** 

5W 

m 
m  2 

K  1 

m 

5  4  | 

B 

6 

I 

Sv 

•§ 

S3 

Ajjf.  5 

fsfi 

tin 

53*3 

biSb 

6  06-WtMKUl  lec  (d'C*1)  .  . 

1.30 

1.38 

1.36 

7  Ilpeaeji  npotuocm 

•  npN  cw»t*u . 

1200 

1130 

1200 

o  npn  crarii'iecKOM  x»- 
rn6e  . 

1200 

1100 

1  o  Moay/i.  ynpyrocTF  npn 
cwaTMi  <  1000  kiIcm *)  . 

130 

160 

140 

ll>ji<ipHan  inaKOCTb 

(HI  CM'CM*) . 

'.8 

16 

23 

131oepnocri.no  BpMHejuno 
(1 u  »«»)  . 

20 

23 

26 

1 3  BoAonoMomeHie  u  24 
no*  <%) . 

1.0 

1.2 

l.t 

l)  Indicators;  2)  woodolite  brands;  3)  alcohol-soluble  resin-base; 

4)  water-soluble  resin-base;  5)  alcohol-soluble  resin-base  from  pre¬ 
leached  veneer  sheets;  6)  specific  weight  (g/cm^);  7)  ultimate  strength 
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(kg/cm2):;  8)  In  compression;  9)  In  static  bending;  10)  modulus  of  elas¬ 
ticity  in  compression  (1000  kg/cm2);  ll)  Impact  ductility  (kg/cm/qm2); 
12)  Bfrinell  hardness  (kg/mm2);  13)  water  absorption  in  24  hours  {%). 


TABLE  2 

Properties  of  Woodolite 
as  a  Function  of  the  Wood 
Particle  Size 
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1)  Indicators;  2)  properties  of  woodolite  made  from  wood  particles; 

3)  finefrom  0.3  to  3  mm;  4)  coarse  from  3  to  10  ram;  5)  specific  weight 
(g/cm^);  6)  ultimate  strength  (kg/cm2):;  7)  in  compression;  8)  in  stat¬ 
ic  bending;  9)  tpecific  impact  ductility  (kg-cm/cm2);  10)  Brinell  hard¬ 
ness  (kg/mn2);  11 )  water  absorption  in  24  hours  (1$). 


Table  3  shows  the  properties  of  woodolite  as  a  function  of  the 
synthetic  resin  content. 
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TABLE  3 

Properties  of  Woodolite  as 
a  Function  of  the  Resin 
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1)  Indicators;  2)  resin  content  (#):;  3)  specific  weight  (g/c nr); 

ultimate  compressive  strength  (kg/cm  ):;  5)  in  the  direction  of  the 
pressing  plane;  6)  perpendicular  to  the  direction  of  the  pressing 

plane;  7)  along  the  fibers;  8)  ultimate  strength  in  static  bending 

(kg/cm2);  9)  specific  impact  ductility  (kg-cm/cm2). 


Tafcle  4  shQws  the  properties  of  woodolite  as  a  function  of  the 
pressing'  pressure. 


TABLE  4 

Properties  of  Woodolite  as 
a  Function  of  the  Pressure 
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1)  Indicators;  2)  specific  pressing  pressure  (kg/cm  ):;  3)  ultimate 

p  P 

compressive  strength  (kg/cm  );  4)  specific  impact  ductility  (kg-cm/cm  ) 

p 

5)  Brinell  hardness  (kg/mm). 


The  dielectric  properties  of  woodolite  are  given  in  Table  5* 
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TABU  5 

Dleleetric  Properties  of  Woodolite 
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1)  Indicators;  2)  dielectric  properties  of  woodolite  after  specimens 
were  held  for  48  hours  in  an  atmosphere  with  a  relative  air  humidity 
(0)  of:  3)  specific  electrical  resistivity:;  4)  volume  Sy  (ohm-cm); 

5)  surface  S8  (ohms);  6)  internal  (ohm-cm);  7)  tangent  of  dielectric 

losses  angle  at  50  cps;  8)  dielectric  permittivity  at  50  cps;  9)  average 
breakdown  voltage  (kv/mn). 

Woodolite  has  good  antifriction  properties.  The  friction  coeffi¬ 
cient  of  woodolite  mated  with  various  materials  under  a  specific  pres¬ 
sure  of  100  kg/cm2,  peripheral  speed  of  0.012  m/sec  and  water  lubrica¬ 


tion  comprise: 

Ferritic  iron . 0.09 

Carbon  Steel . 0. 07 

bPi ib*'  0.09 

Duraluminum  . 0. 07 


According  to  different  data,  the  friction  coefficients  of  woodolite 
when  mated  with  carbon  steel  comprise  0.03-0. 06  under  a  specific  pres¬ 
sure  of  3  kg/cm2  and  machine-oil  lubrication,  and  0.02-0.04  under  a 
specific  pressure  of  70  kg/om2  and  water  lubrication. 

The  start-up  torques  and  start-up  friction  coefficients  of  woodo¬ 
lite  bearings  are  quite  high.  Data  on  the  wear  of  woodolite,  depending 
on  the  lubrication,  obtained  experimentally  comprise  0.220  for  water; 

0. 300  for  lubricant  grease  and  0. 310  for  brand  D  machine  oil. 
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Possessing  high  physlccmechanical  properties,  woodolite  success¬ 
fully  replaces  bronze,  tin -containing  alloys,,  babbit  and  textolite  in 
bearing  liners  of  rolling  mills,  engine-axle  bearings  of  trolleycar  en¬ 
gines,  guide  and  frame  bearings  of  looms,  overhead  crane  and  crusher- 
roll  mill  sleeves,  etc.  Woodolite  is  used  for  making  loom  bodies  and 
gears  for  the  textile  industry,  components  of  the  electrical  equipment 
and  cable  industries  (current -Insulated  clamps,  cable  Joints). 

References:  Sheydln,  I. A.,  Smirnov,  A. V  and  Demidova.  L,A.  ,  Tek- 
hnologiya  drevesnykh  plastikov  (Wood  Plastics  technology),  Moscow  - 
Leningrad,  1956;  Qenel 1 ,  S.V. ,  Drevesnyye  plastiki  v  tekhnike  (Wood 
Plastics  in  Technology),  Moscow,  1959;  Spravochnik  fanershchika  (Ply¬ 
wood  Maker's  Handbook),  vol.  2,  Moscow  -  Leningrad,  1959. 

P.  T.  Romanov 
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WOOD'S  METAL  -  fusible  alloy  named  after  its  Inventor,  the  Ameri¬ 
can  physicist  R.W.  Wood.  Wood's  metal  contains  50$  Bi,  25$  Fb,  12.5$  Sn 
and  12.5$  Cd.  The  melting  temperature  of  the  alloy  is  68°.  Is  used  for 
making  of  models,  for  pouring  of  microsections,  for  soldering  of 
sprinkler  heads,  etc. 


0.  Ye.  Kestner 
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WORKING  OP  CHROMIUM  BY  PRESSURE.  The  form  and  the  nature  of  the 
distribution  of  the  impurities  in  chromium  are  decisive  factors  for  the 
plasticity  of  this  metal  at  room  temperature.  Chromium  and  its  low-al¬ 
loys,  plastic  at  room  temperature,  are  obtainable  by  increasing  the  pur¬ 
ity  of  the  initial  metal,  by  the  use  of  melting  methods  which  do  not 
cause  a  considerable  contamination  of  the  metal,  by  plastic  deformation 
and  hot  treatment. 

The  plastic  properties  and  also  the  impact  resilience  of  chromium 
Increase  considerably  above  250-300°  (Table).  The  temperature  of  trans¬ 
ition  of  chromium  from  the  brittle  into  the  plastic  state,  however,  is 
considerably  increased  at  high  loading  rates  (hammer,  drop  hammer,  etc. ) 
together  with  a  s imultaneous  increase  of  the  resistance  to  deformation 
(aH,  e^,  P^) •  This  hampers  the  deformation  of  chromium  by  means  of  ham¬ 
mers  and  other  types  of  quick-acting  equipment.  Because  of  this  proper¬ 
ty  the  deformation  of  chromium  must  be  carried  out  with  a  reduced  speed 
(hydraulic  press,  static  drawing.  01  succimens,  etc.). 

Chromium  tends  to  become  considerably  tougher  during  the  process 
of  plastic  deformation. 

Although  the  end  temperature  of  recrystalli2ation  of  chromium  lies 
on  the  level  of  900-1000°  for  a  metal  deformed  by  more  than  50%  and  tem¬ 
pered  for  30-60  min,  the  metal  retains  traces  of  the  cold  hardening  up 
to  1500°.  This  proves  that  the  weakening  processes  proceed  slowly  in 
chromium.  The  hardness  (HB)  of  chromium  deformed  by  75-85%  at  a  temper- 
ature  below  900°  increases  from  120-130  kg/mm  (in  cast  or  tempered 
sta-a)  -o  190-220  kg/W",  and  after  a  deformation  at  1500°  -  to  130-145 

kUju 
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kg/mm2.  This  peculiarity  of  chromium  requires  frequently  repeated  inter- 
mediate  tempering  and  heating  of  tne  blanks  during  the  working  by  pres¬ 
sure. 

Characteristics  of  the  Plasticity  of  Pure  Chromium 
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1)  Properties j  2)  temperature  (°C);  3)  permissible  degree  of  deforma¬ 
tion  by  compression  on  a  hydraulic  press  e  *  HQ  —  h/Ho*100%;  4)  (sta¬ 
tic  load);  3)  the  same  In  the  case  of  compression  by  a  drop  hammer 
(dynamic  load)  ek  ■  HQ  -  h/H0*100%;  6)  a^,  with  a  notch  (kgm/cm2);  7) 

ay,  without  a  notch  (kgm/cm2);  8)  eb  (kg/mm2);  9)  resistance  to  deforma¬ 
tion  In  the  case  of  compression  on  a  hydraulic  press,  Pnr  (kg/mm2);  10) 
the  same  In  the  case  of  compression  by  a  drop  hammer;  11)  (kg/mm2); 

12)  resistance  to  deformation  by  83%  cc*i»pr»».»ion  on  a  hydraulic  press 
for  »  container  with  a  diameter  of  50  am  (kg/r a2);  13)  the  same,  diame¬ 
ter  ■  100  mm  (kg/mm2). 


The  billets  and  blanks  of  chromium  and  its  alloys  which  are  to  be 
worked  by  deformation  are  treated  by  abrasives  In  order  to  remove  total¬ 
ly  the  contaminated  surface  layer  and  other  flaws.  The  pressing  of  rods 
and  strips  at  1000-1400*  from  chromium  billets  melted  by  the  induction 
or  arc  method  Is  the  method  of  preliminary  deformation  most  recommend¬ 
ed.  Hie  pressing  of  chromium  and  of  its  alloys  vast  be  carried  out  with 
a  shrinkage  of  not  less  than  30%.  Pressing  with  a  smaller  shrinkage  re- 


075 


Iil-;<6kh2 

suits  In  a  failure  of  the  metal  by  the  formation  of  periodically  re¬ 
peated  ringshaped  c racks.  The  primary  deformation  of  Ingots  may  be  car¬ 
ried  out  also  by  forging  on  a  press  at  1600-700*  or  by  a  hammer  at 
l600-l400*  with  a  repeated  reheating  of  the  metal.  Objects  with  a  com¬ 
plicated  form,  however,  are  hardly  obtainable  by  forging,  especially 
with  a  hammer.  The  forging  of  billets  below  1300°  Is  carried  out  in 
jackets  of  alloyed  steel.  A  deformation  by  forging  without  Jackets  is 
possible  without  failures  only  for  small-size  billets  from  high-grade 
Iodide  chromium. 

The  further  leformation  of  the  deformated  blanks  may  be  carried 
out  either  by  pressing  at  16^0-700°,  by  stamping  in  closed  dies  at 
1550-1350°,  or  by  roiling  without  jackets  at  1550-1359°  or  Jacketed  in 
steel  at  900-700°.  Cold-hardened  chromium  possesses  a  significant  ani¬ 
sotropy  of  its  properties.  Specimens  cut  transversally  from  chromium 
strips  rolled  at  a  temperature  below  900-S00*  have  a  threshold  of  brit¬ 
tleness  which  is  by  200*  higher  than  that  of  specimens  cut  in  the  di¬ 
rection  of  rolling.  An  anisotropy  of  the  properties  Is  less  observable 
after  the  recrystalllzation  of  the  n.*tal. 

The  resistance  of  puie  chromium  to  deformation  Is  equal  to  that  of 
most  of  heatproof  steels  and  alloys. 

Alloying  reduces  the  plasticity  of  chromium  and  increases  consider- 
erably  the  resistance  to  deformation.  Therefore,  most  of  the  chromium 
alloys  may  be  efficient  deformated  only  be  pressing  at  1600-1*400*  under 
high  compression  stresses.  Heating  billets  and  blanks  higher  than  990- 
1000*  before  the  deformation  must  be  carried  out  In  furnaces  with  a 
neutral  (argon  or  helium)  or  a  protective  (hydrogen)  atmosphere,  or  In 
glass-bath  or  In  salt-baths  in  order  to  prevent  the  reaction  of  the 
chromium  with  nitrogen,  oxygen  and  other  active  gases.  A  heating  of 
chromium  below  700-800*  in  electric  furnaces  in  air  does  not  cause  sig- 
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nlf leant  oxidation  or  brittleness.  Frot*?tion  uf  the  metal  up  to  l^OO- 
l'OO0  from  the  effect  of  gases  may  be  achieved  by  placing  the  billets 
and  blank?  into  a  metal  Jacket  or  by  coating  them  with  refractory  enam¬ 
els.  In  addition  to  the  protective  effect ,  the  metal  Jacket  also  im¬ 
proves  significantly  the  thermomechanical  conditions  of  the  deformation 
protecting  the  surface  of  the  heated  blank  from  a  quick  cooling  in  con¬ 
tact  with  the  tool;  further,  the  contact  friction  ie  reduced,  and  com¬ 
pression  stresses  arise  in  the  surface  layer  of  the  blank. 

A  heating  in  a  vacuum  is  possible  only  at  relatively  low  tempera¬ 
tures  due  to  the  high  vapor  pressure  of  the  metal.  The  time  of  heating 
before  deformation  is  calculable  for  chromium  and  its  alloys  on  the 
rol lowing  basis:  1  minute  per  1  mm  diameter  or  thickness  of  the  blank 
(billet). 

Glass  fabric  previously  greased  with  a  graphite  —  machine  oil  com¬ 
pound  may  be  used  as  a  lubricant  for  the  hot  pressing.  0.2-0. 5  mn  thick 
blockings  or  jackets  of  soft  steel  must  be  used  in  addition  tc  the  above 
mentioned  lubrication  in  the  case  of  stamping  chromium  ox  pressing  cf 
chromium  of  a  higher  strength. 

Tools  for  the  hot  deformation  of  chromium  and  its  alloys  must  be 
made  from  the  most  fireproof  stamping- steel  grades,  3Kh2V8,  ET-oh*?, 
etc. 

He Terences :  Sully,  A.,  Khroa  [Chromium],  translated  from  English, 
Moscow,  problemy  sovremennuy  metallurgli  [Problems  of  Contempor¬ 

ary  Metallurgy],  Collection  cf  translated  papers,  1058,  No.  1  (37), 
page...  >  i-u2;  ”J.  Inst.  Metals,"  Vol.  -2,  Part  U,  pages  ;  33- 

1  ** C ;  1-^7- 1 ->8,  Vol.  86,  Part  6,  pages  281-288. 

I.G.  Skugarev  and  Ye.  I.  Razuvay  w 
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1<1|75  np  =  pr  =  predel’nyy  =  limiting 


WORK  OF  DEFORMATION  —  the  energy  stored  in  a  body  or  unit  volume 
(specific  work  of  deformation)  during  elastic  and  plastic  deformation; 
it  consists  of  an  elastic  component  (elastic  energy)  and  a  plastic  com¬ 
ponent  expended  in  residual  distortions  and  structural  changes,  in- 

eluding  fracture  nuclei.  The  spec:  ‘  ic  work  of  deformation  «=$  ode,  which 

0 

is  defined  graphically  as  the  area  bounded  by  the  curve  6(e)  and  the 
corresponding  segment  of  the  axis  e.  The  work  of  deformation  character¬ 
izes  the  viscosity  of  the  material. 


Ya.B.  Fridman 
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WOVEN  STRIP  is  narrow  (width  8-72  nun)  fabric  made  from  cotton, 
flax,  kapron  and  glass  fiber.  The  basic  properties  of  the  industrial 

Basic  Properties  of  Woven  Strip 
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1)  Product  name;  2)  width:  3)  thickness;  4)  warp;  5)  fill;  6)  weight 
(g)  per  1  m,  width  10  mm;  7)  breaking  load  (kg/cm);  8)  elongation  (#); 

9)  nature  of  fiber;  10}  number  of  threads  per  l  cm;  11)  electric  insu¬ 
lation  glass  strip;  12)  taffeta  insulating  strip;  13)  twill  insulating 
strip;  14}  cambric  insulating  strip;  15)  sacking  strip;  16)  masking 
strip;  17)  satin  strip;  18)  repp  strip;  19)  PL  special  strip;  20)  No. 

37  and  38  emery  strip;  21)  PL-44  coarse  strip;  32  and  30;  22)  cotton 
khaki  strip;  23)  PL-50  semi-linen  strip;  24)  belting  strip;  25)  DK  dou¬ 
ble-edge  strip;  26)  four-layer  drive  belting  strip;  27)  and;  28)  glass; 

29)  cotton;  30)  same;  31)  flax. 
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woven  fabrics  are  shown  In  the  Table.  They  are  used  for  various  sorts 
of  retention. 
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WROUGHT  BRASS  (simple)  Is  brass  containing  57-97#  Cu,  having  high 
plasticity  and  easily  pressure  worked.  In  the  USSR  wrought  brass  Is 
produced  In  7  grades  (QOST  1019-47)*  The  chemical  composition  and  the 
fields  of  application  of  the  wrought  brasses  are  shown  In  Table  1.  The 
wrought  brasses  are  also  produced  with  nonstandard  composition  In  ac¬ 
cordance  with  specialized  specifications,  for  example,  L59  with  copper 
content  of  57-61#*  With  the  exception  of  the  L62  brass,  the  structure 
of  the  wrought  brasses  is  single-phase.  In  the  annealed  condition  the 
L62  brass  has  a  bi-phase  structure  (a  +  B  crystals).  At  a  temperature 
above  750°  this  brass  consists  only  of  the  crystals  of  the  (3-phase.  The 
strength  and  hardness  of  the  brasses  increases  with  increase  of  the 
zinc  content  (Pig.  1).  The  maximal  plasticity  is  evidenced  by  the  Lb8 
brass  which  is  used  primarily  for  the  fabrication  of  details  which  can 
be  produced  by  stamping  or  other  forms  of  working  with  high  degrees  of 
drawing.  Of  the  standard  brasses  the  widest  application  has  been  of  the 
L62  brass  which  contains  the  minimal  amount  of  copper  and  which  has 
quite  high  mechanical  properties  and  corrosion  resistance.  The  wrought 
brasses  used  for  tjhe  fabrication  of  details  by  extrusion,  along  with 
high  plasticity,  must  have  limited  grain  size.  Coarse  grain  structure 
leads  to  the  formation  of  a  rough  surface  on  the  extruded  products. 
Cracks  may  form  during  deep  drawing  of  the  wrought  brasses  which  have  a 
very  fine  grain.  The  best  properties  are  evidenced  by  the  brasses  with 
a  grain  diameter  in  the  range  of  30-60  mlorons.  The  grain  size  depends 
on  the  degree  of  preliminary  deformation  and  the  annealing  regime  (tem¬ 
perature  and  time). 
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The  diagrams  (Figs.  2-5)  show  the  variation  of  the  mechanical  pro- 
pertles  and  the  grain  size  of  L62  brass  as  a  function  of  the  degree  of 


TABLE  1 

Chemical  Composition  and  Use  of  Wrought  Brasses  (COST 
1019-47) 
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*  In  the  L70  grade  brass  there  must  be  no  more  than 
0.005#  As,  0.005#  Sn  and  0.002#  S;  In  the  antlmag- 
netlc  brasses  the  Iron  content  must  be  no  more  than 
0.03#. 

1)  Alloy;  2)  content  of  elements  (#);  3)  use;  4)  total 
Impurities;  5)  basic  elements;  6)  Impurities,  no  more 
than;  7)  remainder;  8)  radiator  tubes;  9)  sheets,  rib¬ 
bons  for  cladding;  10)  corrugated  tubes;  11)  sheets, 
ribbons  and  wire;  12)  strip  and  ribbon;  13)  strips, 
sheets,  ribbon,  tubes  and  wire;  14)  L. 


deformation,  temperature  and  duration  of  anneal.  The  variation  of 
the  time  of  beginning  and  end  of  recrystalllzatlon  as  a  function  of  the 
degree  of  deformation  and  the  annealing  temperature  for  the  L62  brass 
is  shown  in  Fig.  6.  The  relationship  between  the  hardness,  ultimate 
strength  and  relative  elongation  Is  shown  In  Fig.  7.  The  wrought  brass¬ 
es,  having  good  mechanical  properties  and  relatively  high  corrosion  re¬ 
sistance,  are  widely  used  for  the  fabrication  of  various  products,  ma¬ 
chine  parts  and  equipment. 

Sheet  and  strip  (GOST  931-52),  rod  (GOST  2060-60),  tubes  (GOST 
492-52)  and  wire  (OOST  1 066-58)  are  made  from  the  wrought  brasses.  The 
mechanical  properties  of  the  mill  produots  made  from  the  L68  and  L62 
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brasses  are  shown  in  Table  2.  The  basic  physical  and  technological  pro¬ 
perties  of  the  wrought  brasses  are  shown  in  Table  3. 

TABLE  2 

Mechanical  Properties  of  Mill  Products  from  the  L68  and 
L62  Brasses 


Cbjm* 

1 

g  JIhctm  ■  nonocw  <roCT  »si  — 52) 

^  npOKMIOK*  AMlweTpuN 

0,20-0,75  mm  (fOCT  1090—59) 

Coeromnie  marepaa- 
MB 

4 

..5 

!i 

»4£ 

i6 

1 

if 

rayflww  irpoftaa- 
jrasamui  no 
apHNceiiy  (;iaa- 
merp  nyancoifa 

1 0  mm,  ronuuma 

JlUCTt  0 .  &  MM) 

8 

CooTonmie  Mar* 
piuia 

4 

2  10 

if 

11 

JIM 

18 

nogirnepMi* 

t**w»i«25 

ropWMMTWI.  T_6 
Xojjoj»ok«t*h.  mn 

HU*  17 

tssr& 

Ocooo  raepoui  20 

so 

ss 

40 

so 

30 

ss 

42 

<0 

40 

25 

IS 

SO 

40 

20 

10 

2.S 

>11  O'm 

9,0-11.0 

7. 0-9,0 

>9.5 

7. 0-9,0 

5. 0-7,0 

MnrKRi 

IIOAfraepaut 

23  TaepauB 

MnnoiB 

nojiyriepaul 

TMPAut 

>35 

>40 

<0-95 

>35 

>45 

70-95 

25 

5 

20 

5 

1)  Alloy;  2)  sheets  and  strips  (GOST  931-52);  3)  wire  of 
diameter  0.20-0.75  ran  (GOST  IO60-58);  4)  material  condi¬ 
tion;  5)  (kg/mm2,  no  less  than);  6)  (#,  no  less  than);  7) 
Erlchsen  penetration  depth  (punch  diameter  10  mm,  sheet 
thickness  0.5  mm);  8)  material  condition;  9)  (kg/mm2);  10) 
(*.  no  less  than):  11)  L68;  12)  L62;  13)  cold  rolled,  soft; 
14)  half -hard;  15)  hard:  16)  hot  rolled;  17)  hot  rolled, 
soft;  18)  half -hard;  19)  hard;  20)  extra  hard;  21)  soft. 


Pig.  1.  Properties  of  wrought  brass  as  a  function  of  the  zinc  content: 
1)  Thermal  conductivity;  2)  electrical  conductivity  (in  relation  to 
oopper).  3)  kg/am*;  4)  relative  electrical  and  thermal  conductivity;  5) 
soft;  0)  hard. 


The  grade  L96  wrought  brass,  resistant  to  corrosion  cracking  and 
having  the  highest  thermal  conductivity,  is  used  for  the  fabrication  of 

radiator  tubes  (primarily  for  aircraft  radiators)  and  condenser  tubes. 
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The  grade  L90  wrought  brass,  having  high  corrosion  resistance,  welds 
well  with  steel  and,  therefore,  is  used  for  the  fabrication  of  bimetals 


TABLE  3 

Physical  and  Technological  Properties  of  the  Wrought 
Brasses 
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I)  Alloy;  2)  melting  point  (#C);  3)  (g/cm^);  4)  (ohm- 
mm2/m);  5)  E(kg/mm2);  6)  soft;  7)  hard;  8)  (cal/g-#C); 
9)  (cal/cm-sec/0C);  10)  hot  working  temperature  (#C); 

II)  annealing  temperature  (°C);  12)  L. 


Fig.  2.  Variation  of  mechanical  properties  and  grain  size  of  L62  brass 
with  annealing  temperature  (predefonnation  50%,  anneal  duration  3 
hours).  1)  kg/mn2  6  %\  grain  size,  a,  microns;  2)  HB,  kg/mm2. 


and  thermo-bimetals  of  the  steel-brass  type.  This  brass  accepts  enamel¬ 
ing  and  gilding  well  and  has  a  golden  color.  In  this  connection  Is  also 
used  for  the  fabrication  of  furniture,  artistic  objects,  and  signs.  The 
L96  and  L90  brasses  are  also  termed  tombac.  The  L85  grades  of  wrought 
' )  brasses  are  used  for  bellows  of  flexible  hoses,  details  of  refrigera¬ 
tors,  and  also  for  certain  types  of  condenser  tubes.  The  L60  type 

wrought  brasses  are  Intended  primarily  for  wire  sieves  in  paper 
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machinery  and  for  bellows.  The  L85  and  1*80  brasses  are  also  termed 
semi-tombac.  The  L70  type  wrought  brasses,  having  high  plasticity  and 


Fig.  3*  Variation  of  mechanical  properties  and  grain  size  of  L62  brass 
annealed  at  300°  with  degree  of  deformation.  1)  a  ,  kg/mm2;  6  %;  grain 
size,  a,  microns;  2)  degree  of  deformation,  3) °HB,  kg/mm2. 


Fig.  4.  Variation  cf  hardness  of  L62  brass  with  degree  of  predeforma¬ 
tion  and  annt*ling  temporature  (heating  duration  3  hours).  1)  HB, 
kg/mm2;  2)  temperature,  °C;  3)  degree  of  deformation, 


Fig.  5 .  Variation  of  average  grain  diameter  of  L62  brass  with  degree  of 
deformation  and  anneal  temperature  (heating  duration  3  hours).  1;  drain 
size,  a,  microns;  2)  temperature  *C;  3)  degree  of  defoliation,  %. 


good  extraction,  are  used  for  a.ll  sorts  of  cartridges,  sleeves  and 
other  special  products. 
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Fig.  6.  Dependence  of  Initiation  and  end  of  recrystalllzatlon  of  U&2 
brass  on  degree  of  deformation,  temperature  and  duration  of  anneal.  1) 
Temperature,  °C;  2)  minutes;  3)  time;  4)  hours;  5)  degree  of  deforma¬ 
tion,  £. 


\ 

t 

1 

Fig.  7-  Relationship  between  ultimate  strength,  relative  elongation  and 
Brlnnel  hardness  for  L62  brass.  1)  <?b,  kg/nsn2,  6,  %;  2)  HB,  kg/nn2. 

References:  Mal'tsev  M.V. ,  Barsukova  T.A.,  Borin  F.A. ,  Metal lograf- 
lya  tsvetnykh  metallov  1  splavy  (Metallography  of  Nonferrous  Petals  and 
Alloysl,  Moscow,  I960;  Smlryagln,  A.P. ,  Promyshlennyye  tsvetnyye  metal  - 
ly  i  splavy  (Industrial  Nonferrous  Metals  and  Alloys],  2nd  ed. ,  M. , 

1956;  Fischer  E.  und  Vos'.kflhler  H. ,  "2.  Metal lkunde",  1956,  Vol.  47, 

No.  6,  pages  397-AOl. 

Ye.S.  Shplchlnetakly 
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WROUGHT  HARD  MAGNETIC  ALLOYS  are  alloys  for  permanent  magnets 
which  are  capable  of  plastic  deforma -ion.  The  wrought  hard  magnetic  al¬ 
loys  are  divided  into  the  following  groups:  1)  The  dispersion  harden¬ 
ing  alloys  based  on  o-iron  (Fe  -  Mo,  Fe  —  Co  -  W,  Fe  -  Co  -  Mo,  Fe  -  Co 
Mo,  Fe  -  Co  -  W  -  Mo).  Among  these  alloys  we  make  particular  note  of 
Comol  (Remalloy),  containing  12#  Co,  17#  Mo,  remainder  Fe,  with  coer¬ 
cive  force  Hc  =  250  oe,  residual  induction  B,  =  10,500  gauss,  and  mag¬ 
netic  energy  W  =  1.1*10^  gauss-oe.  The  similar  alloys  12KMa,  b,  c  and 
also  12KV  and  16KVM  are  used  a  s  mate  rials  i oi  motors  ol  hysteresis  el¬ 


ectric  motors.  In  the  alloys  of  this  group  the  highly  coercive  state  is 
created  as  a  result  of  annealing  after  quenching.  2)  The  dispersion 
hardening  Cu  -  Ni  -  Fe  and  Cu  -  Ni  -  Co  alloys.  For  the  anisotropic  al¬ 
loys  Cunife  I  (60#  Cu,  20#  Ni,  balance  Fe;  =  59°  oe,  Br  =  5P00  gauss, 

W  *  1.9-106  gauss-oe )  and  Cunife  II  (  ■/) #  Cu,  20#  Ni,  2.5#  Co;  Hc  =  2b0 
oe,  B  =  73°0  gauss,  W  -  C. 6*  10°  gau:\;-oe)  after  heat  treatment  (solu¬ 
tion  treatment  and  anneal)  there  is  required  additional  cold  defomation 
(reduction  of  So-  *0#)  with  additional  annual  i;»g.  The  alloys  Cunlco  1 
(50#  Cu,  21#  Ni,  2  #  Co;  H,  -  r ■>'">  «•«,  B_.  -  J‘10O  gauss,  W  *  0.9*10  gauss 

oe)  and  Cunlco  II  (35#  Cu,  balance  >'»  ;  ll  -  .0  go .  Br  -  5300 

i } 

gauss,  W  j.  1.1’  gauss-oe )  are  insi.tropi  .  * }  The  anisotropic  alloy; 

with  y  *••  a- transformation  whose  Ir'  h  v  .  Maine  !  by  mean;  of  cold 

plastic  deformation  with  large  reduction  **vi  ouh  t quent  annealing  (Fo 


-Co  -  V,  Fe  -  Cr  -  ill,  Fe  -  Mn  -  Hi). 


uU.  ys  Vicalloy  1  (  >?#  Co, 


9.5#  V,  balance  Fe)  and  Vicalloy  II  0  .  1<#  ,  balance  Fe)  along 


with  Cunife  and  f  inico  are  used  for  the  pro  iu.-ti^n  of  tapes  and  wires 
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for  sound  recording,  small  stamped  magnets  and  magnets  of  complex  con. 
figuration  which  cannot  be  produced  in  the  form  of  castings  from  the 
alloys  of  the  Alni  type.  The  OKhl8N9  alloy  with  Mo  additions,  after  re¬ 
duction  of  90-95$,  have  good  properties  in  fine  wire,  which  with  dia¬ 
meter  of  0. 09  and  0. 05  mm  is  suitable  for  sound  recording,  and  with  dia¬ 
meter  of  0.05  and  0.03  mm  is  suitable  for  pulse  recording.  The  12NG, 

12GN  alloys  may  be  used  for  rotors  of  hysteresis  electric  motors,  4) 
Alloys  based  on  the  noble  metals.  Silmanal  (8.8$  Mn,  4.4$  Al,  86.8$  Ag) 
has  high  stability  of  the  residual  magnetism  and  finds  application  in 
moving  magnet  instruments  operating  under  conditions  of  action  of  con¬ 
stant  magnetic  fields.  The  Fe  —  Pt  (78$  Pt)  and  Co  —  Pt  (77$  Pt)  alloys 
havevery  high  magnetic  properties.  All  these  alloys,  in  view  of  their 
shortage,  are  used  in  particularly  critical  instruments. 

References:  Zaymovskiy  A. S. ,  Chudnovskaya  L.A.,  Magnitnyye  mater- 
ialy  (Magnetic  Materials),  3rd  ed. ,  M. -L. ,  1957  (Metally  i  splavy  v 
elecktrotekhnike)  (Metals  and  Alloys  in  Electrical  Engineering,  Vol.  1); 
Bozort  R. ,  Ferromagnetizm  (Ferromagnetism),  translated  from  Ehg. ,  M. , 
1956;  Rayevskaya  M. N. ,  in  book  Pretsizionnyye  splavy  (Precision  Alloys), 
M. ,  i960  (collection  of  works  of  TsNIIChM) (Central  Scientific  Research 
Institute  for  Ferrous  Metallurgy),  No.  2);  Dovgalevskiy  Ya.K. ,  Splavy 
dlya  postoyannykh  mavnltov  (Alloys  for  Permanent  Magnets),  M. ,  1954. 


B.  G.  Livshits,  A. A.  Yudin 
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WROUGHT  HEAT-RESISTANT  NICKEL  ALLOYS  are  nickel -base  alloys  which 
surpass  nickel  In  resistance  to  oxidation  at  high  temperatures  and 
which  have  high  technological  plasticity  and  good  weldability. 


Pig.  1,  Effect  of  element  content  on  oxidation  of  nickel,  l)  Weight  in¬ 
crease,  g/m2-hourj  2)  weight  #. 

The  heat  resistance  of  nickel  may  be  increased  by  the  introduction 
of  more  than  10#  chromium  or  more  than  5#  aluminum  (Pig.  1).  With  this 
aluminum  content,  a  two -phase  structure  is  formed  which  has  an  unfavor¬ 
able  effect  on  the  processing  properties  of  the  alloy.  Therefore,  in 
order  to  improve  the  heat  resistance  of  nickel  use  is  usually  made  of 
chromium,  whose  solubility  in  nickel  reaches  35#.  In  practice  the  heat- 

resistant  alloys  of  nickel  with  chromium  (nichromes)  contain  from  15  to 
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TABLE  1 


Chemical  Composition  of  Wrought  Heat-Resistant  Nickel 
Alloys  (COST  5632 -6l) 
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1)  Alloy;  2)  element  content,  3)  other  elements; 
4)  KhN7OT  (EI435);  5)  base:  6)  KhN75MBTYu  (EI602); 

7)  IQ1N6OV  (EI868,  VZh98);  8)  KhN70Yu  (EI652);  9)  Kh- 
NoOYu  (EI559A). 


30^  chromium.  In  some  cases  use  is  made  of  Joint  alloying  with  chromium 
and  aluminum. 

During  the  oxidation  of  pure  nickel  a  film  of  the  oxide  N10  which 
has  a  cubic  structure  of  the  NaCl  type  with  an  excess  of  oxygen  is 
formed  on  the  surface.  It  is  believed  that  after  the  formation  of  the 
oxide  film  the  oxidation  of  nickel  proceeds  primarily  as  a  result  of 
diffusion  of  the  ions  and  electrons  through  the  oxide  layer  to  the  ox¬ 
ide-atmosphere  interface.  The  defective  structure  of  the  NiO  oxide  film 
crystal  lattice  (deficiency  of  nickel  atoms)  contributes  to  the  diffu- 
slonal  penetrability  of  the  film. 

Two  new  phases  may  be  formed  in  the  oxide  film  along  with  NiO  with 
introduction  of  chromium  into  the  nickel  -  the  chromium  oxide  CrgO^  and 
the  double  oxide  NiOCrgO^  with  a  spinel  structure.  Some  investigators 
believe  that  the  oxide  films  having  a  spinel  structure  have  the  best 
protective  capability.  Others  have  found  that  the  protective  film  on 
the  nl chromes  consists  primarily  of  the  CrgO^  oxide.  There  are  data 
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which  show  that  at  1100°  with  increase  of  the  chromium  content  the  rel¬ 
ative  amount  of  the  spinel  in  the  oxide  film  Increases  only  up  to  chro¬ 
mium  concentrations  for  which  the  heat  resistance  of  the  nickel  in¬ 
creases  slightly,  while  the  relative  amount  of  the  Cr^O^  phase  increas¬ 
es  continuously  up  to  chromium  concentrations  which  provide  for  sharp 
increase  of  the  nickel  heat  resistance. 


TABLE  2 


Heat  Treatment  Temperature 
Providing  Optimal  Opera¬ 
tional  Properties  of 
Wrought  Heat-Resistant 
Nickel  Alloys 


1)  Alloy;  2)  heating  temperature  (®C);  3)  fine  grain;  4)  coarse  grain; 
5)  KhNT8T;  6)  KhN75MBTYu;  7)  KhN60V;  8)  not  recommended;  9)  KhN7fxu* 
10)  KhN60Yu. 


Pig.  2.  Effect  of  heax;  treatment  on  deformation  of  the  KhN70T  (a)  and 
KhN75HBIYu  jfb)  alloys,  l)  Grain  size,  number;  2)  relative  deformation, 
1>\  3)  kg/mm2;  4)  hours;  5)  crack  length,  mm;  6)  thermal  cycles;  7) 
quench  temperature,  #C. 
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TABUS  3 

Heat  Resistance  (Scale  Re¬ 
sistance)  of  the  Wrought 
Heat-Resistant  Nickel  Al¬ 
loys* 


•Continuous  testing  for  100  hours. 

1)  Alloy;  2)  weight  gain  (g/m2-hr)  at  test 
4)  KhN75MBTYu;  5)  KhN60V;  §)  KhN7CYu;  7)  10: 


»2-iir)  at  test  temperature  (*C);  3)  KhN78T 
KhN70Yu;  7)  KhN60Yu. 


TABUS  4 

Mechanical  Properties 
(sheet  1.5  ran  thick)  of 
Wrought  Heat-Resistant 
Nickel  Alloys 


1)  Alloy;  2)  heat  treatment  (heated  to  temperature,  *C);  3)  temperature 
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TABLE  6 


Creep  Limits  (ICO  hours; 
deformation  5Jl) 


l)  Alloy;  2)  heat  treatment  (heating  "t,  °C);  3)  temperature  (*C);  4) 
kg/nm2;  5)  KhN78T;  6)  KhN75KBT7u;  7)  IQ1N6OV;  8)  KhNTOYu;  9)  KhN6CYu. 
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There  are  data  Indicating  that  the  protective  film  on  the  type  80- 
20  nichrome  at  600-700°  consists  of  the  chromium  oxide  Cr20^.  At  800°  a 
spinel  layer  is  formed  on  the  outer  side  of  the  film  and  the  relative 
thickness  of  this  layer  increases  sharply  with  temperature  increase  to 
1000°.  Slight  alloying  of  the  nichrome  with  certain  elements  may  have  a 
marked  influence  on  the  structure  of  the  oxide  films.  For  example,  the 
presence  of  silicon  (1.39$)  in  the  alloy  stabilizes  the  CrgO^  phase, 
while  the  presence  of  manganese  (1.7$)  facilitates  the  formation  of  a 
spinel.  The  Introduction  of  aluminum  considerably  increases  the  heat 
resistance  of  nichrome.  According  to  the  available  data  the  protective 
films  on  the  ternary  alloys  Ni-Cr-Al  have  a  spinel  structure.  Small  ad¬ 
ditions  of  certain  elements  considerably  increase  the  heat  resistance 
of  nichrome  under  conditions  of  thermal  cycling;  most  effective  are 
cerium,  calcium,  and  thorium  (see  Fig.  10  in  article  on  Corrosion  of 
Nickel  Alloys),  and  also  silicon.  There  are  several  hypotheses  relative 
to  the  effect  of  these  elements,  however  it  is  most  likely  that  the 
favorable  influence  of  these  additions  involves  Improvement  of  the  me¬ 
chanical  bonding  of  the  oxide  film  with  the  basic  metal,  since  testing 
for  heat  resistance  without  thermal  cycling  does  not  show  any  advan¬ 
tages  of  the  alloys  containing  calcium  or  silicon  in  comparison  with 
the  simple  nichrome. 

The  wrought  heat-resistant  nickel  alloys  are  used  to  fabricate 
parts  operating  at  700-1100°.  They  are  also  used  as  heating  elements 
(see  Alloys  for  Heating  Elements).  The  nlchromes,  which  have  good 
strength  at  high  temperature  in  addition  to  excellent  heat  resistance, 
are  usually  used  as  constructional  materials.  This  is  achieved  by  al¬ 
loying  with  the  refractory  metals  (molybdenum,  tungsten,  etc. )  in  the 
limits  of  the  solid  solution,  and  also  by  using  tl  elements  which  form 
stable  carbides  or  carbonltrides  (niobium,  titanium).  The  nlchromes  In 
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TABLE  7 

Endurance  Limits  (at  900° 
on  l*10^-cycle  base)* 


Cmii 

1 

TepMR*.  oO- 
M  paOoma 

e 

•.« 

XIWT  4 

1909 

10 

XII74MBTO  3 
XU70K)  6 

mo 

10T0 

1170 

ii 

1140 

1100 

1209 

Si 

IT 

XU90B  j 

Iff***5,  ** 4 


•Sheet  1.5  no  thick. 

1)  Alloy;  2)  heat  treatment  (heating  temperature,  #C);  3)  kg/mm 4) 
KhN78T;  5)  KhH75MBTyu;  6)  KhN7CYu;  7)  KhH60V. 


TABLE  8 

Physical  Properties 


Com* 

2  «•!<»•  (l/*C)  •  wrrcpMJus  mm  p  ^ 

la  X  (niwtw'C)  apa  TMta  p*  (*C) 

1 

20—100 

|  20-400 

|  20-700  | 

|  20-000  | 

too 

400 

700  | 

too 

X^OT 

12.0 

JILi 

■  0.7 

17.7 

0.024 

0.040 

0.004 

0.070 

X1I74MBTD 

- 5 — 

12  4  j 

19.7 

i 

14 

1 

10 

0.022 

0.044 

0.040 

0.07 

XH00B 

>  ,f*' 

14 

1S.0 

10.4 

|  0.024 

0.020 

0.040 

0.007 

XH70D  j 

12.14 

|  .4.00 

22.42 

1  21.04 

0.02 

0.041  j 

0.044  J 

0.004 

l)  Alloy;  2)  o* 10^  (l/°C)  in  temperature  ranges  (#C);  3)  A  (cal/cm-eec- 
cm-°C)  at  temperature  (*C);  4)  KhN7ftP;  5)  KhN75*®Tyu;  6)  KhH60V;  7)  Kh- 
N70Yu. 


which  the  Increase  of  the  high -temperature  strength  la  achieved  by 
means  of  alloying  with  elements  which  give  rise  to  Intensive  aging  be¬ 
long  to  the  high -temperature  alloys  (see  Wrought  High -Temperature  Nick¬ 
el  Alloys).  The  wrought  heat-resistant  nickel  alloys  considered  In  the 
present  article  belong  to  the  nonaging  or  slightly  aging  alloys  and 
their  chemical  composition  la  shown  In  Table  1. 

Heat  treatment  of  the  wrought  heat-resistant  nickel  alloys  may  be 
performed  to  relieve  strain  hardening  or  to  obtain  optimal  operational 
properties  (Table  2).  Short-term  heating  of  the  alloys  to  the  tempera¬ 
ture  at  which  Intensive  recrystallisation  begins  is  sufficient  to  re- 
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lleve  strain  hardening.  Heating  at  the  following  temperatures  may  be 
used  In  practice  (subsequent  air  or  water  quench): 

950-1000°  for  alloy  IQ1N78T 

1000-1050 .  KhN75MWYu 

1100-1130°  "  "  KhN60V 

1050-1100°  "  "  KhN70Yu 

1050-1100°  "  "  KhN6uYu 

In  order  to  obtain  optimal  operational  properties ,  heat  treatment 
Is  performed  to  obtain  a  specified  grain  size,  with  account  for  the 
fact  that  a  fine-grain  structure  (No.  8-6  on  the  standard  scale)  pro¬ 
vides  for  high  resistance  to  thermal  fatigue  (resistance  to  failure  un¬ 
der  the  action  of  repeated  thermal  cycling),  but  does  not  permit  ob¬ 
taining  the  maximal  high -temperature  strength,  while  a  coarse-graln 
structure  (No.  5-2  on  the  standard  scale)  gives  the  material  high 
strength  at  high  temperature  but  at  the  same  tine  reduces  the  thermal 
fatigue  resistance.  Figure  2  shows  the  effect  of  heat  treatment  temper¬ 
ature  (grain  size)  on  deformation  under  the  action  of  constant  stress 
and  on  cracking  under  the  action  of  th  rmal  cycling  for  the  KhN78T  and 
KhN75MBTJfu  alloys  (sheet  1. 5  ran  thick' 

The  time-  at  the  Indicated  t.omr  must  amount  to  1.5-2  min¬ 

utes  per  1  ram  of  part  section  thick!  '  ,  a!  r  -col. 

The  heat  resistance  of  the  wrough*  h-  • sistant  nickel  alloys  is 
shown  in  Table  3»  the  mechanical  pr^-peri  in  Tables  4-7,  and  the 
physical  properties  In  Table  8. 

The  wrought  heat-resistant  nick--!  a!  have  satisfactory  capa¬ 
bility  for  cold  def<  rraatl*  n  and  arc  o'.  "<  :•  fabricating  detail 

parts  from  sheet  by  deep  drawing,  tending,  <■'  c.  The  wrought  heat-resis¬ 
tant  nickel  alleys  weld  satisfactorily  using  various  forms  of  welding 
(see  Welding  Nickel  Alloys). 

Applications  of  the  wrought  heat-resistant  nickel  alloys  are:  the 
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KhN78T  alloy  Is  used  to  fabricate  flame  tubes  of  gas  turbine  combustion 
chambers  operating  at  700-900 *;  the  XhN75NBTSU  alloy  Is  used  to  make 
gas  turbine  combustion  chamber  flame  tubes ,  afterburner  chambers  for 
jet  engines  operating  at  800-930*;  the  KhNSOV  alloy  Is  used  for  gas 
turbine  combustion  chamber  flame  tubes ,  afterburner  chambers ,  after¬ 
burner  eyelids  operating  at  850-1000*;  the  KhN70Yu  and  KhJtiOYu  alloys 
are  used  for  flame  tube  mixing  pockets  which  require  heat  resistance  to 
1100*. 

References:  Kornilov,  Z.I.,  Zheleznyye  splavy  [Iron  Alloys],  Vol. 

3,  Moscow,  1936;  Tumarev,  A.S. ,  Panyushln,  L.A.  ,1zv.  vysshlkh  ucheb- 
nykh  zavedeniy" [News  of  Higher  Educational  Institutions],  1939,  No.  8, 
page  117;  Ignatov,  D.V.  and  Shamgunova,  R.D. ,  0  mekhanlzme  oldslenlya 
splavov  na  osnove  nlkelya  1  khroma  [On  the  Mechanism  of  Oxidation  of 
Nickel-  and  Chrome-Base  Alloys],  Moscow,  i960;  Culbransen,  E.A. ,  McMil¬ 
lan,  W.B. ,  "Industr.  and  Engng  Chem. ,"  1953#  Vol.  45,  No.  8,  pag'  1734- 
44;  Culbransen,  E.A. ,  Andrew,  K.P. ,  "J.  Blectrochem.  Soc.,"  1957,  Vol. 
104,  No.  7,  page  451;  Idem.,  5bld. ,  1959,  Vol.  106,  No.  11,  pe  e  941; 
Frederick,  S.F. ,  Cornet,  I.,  Ibid.,  1955#  Vol.  102,  No.  6,  page  285; 
Zima,  O.E. ,  "Trans.  Amer.  Soc.  Metals,”  1957#  Vol.  49,  page  924;  Hick¬ 
man,  J.W. ,  Culbransen,  E.A. ,  "Amer.  Instn  Mining  Metallurgical  Rngrs," 
1948,  Oct.,  No,  2372  (Metal  Technology,  JUne,  1948);  Freece,  A.,  Mem¬ 
ber,  F.I.M.,  Lucas,  0.,  "J.  Inst.  Metals,"  1953#  Vol.  8l,  page  219; 
Hessenbruch,  V. ,  Metal le  und  Leglerungen  fttr  hohe  tempera turen  [Metals 
and  Alloya  for  High  Tempera turea ] ,  Vol.  1,  Berlin,  1940;  Lustman,  B. , 

"J.  Metals,"  1950,  Vol.  188,  No.  8,  page  995;  Sal  the  1  Is,  C.J. ,  Wil¬ 
liams,  S.V. ,  Avery,  J.W. ,  "J.  Inst.  Metals,"  1928,  Vol.  40,  No.  2,  page 
269;  Hauffe,  K. ,  "Arch.  Elsenhuttenwesen"  [Arch.  Metallurgy  of  Iron), 
1953,  Vol.  24,  No.  3/4,  page  l6l. 


M.Ia.  L'vovskly 


WROUGHT  HIOH-TKMPBRA'nJHB  NICKEL  ALLOTS  are  nickel-  and  chromium- 
bsaring  alloys  with  additions  of  the  alloying  elements  Tl,  Al,  Cr,  Mo, 
V,  Mb,  C,  B,  Ba,  Ca,  Zr,  Ce,  which  are  used  to  fabricate  the  most  high¬ 
ly  stressed  parts  of  gas  turbine  engines  and  other  power  plants  operat¬ 
ing  at  high  temperatures.  The  variation  of  the  high -temperature 
strength  of  nlokel  as  a  function  of  the  Introduction  of  alloying  ele¬ 
ments  Into  It  Is  shown  In  Pig.  1.  At  800°  nickel  has  a  stress -rupture 
strength  after  100  hours  of  about  4  kg/ran2,  the  addition  of  20Jf  Cr 
strengthens  the  solid  solution  relatively  little,  but  Increases  the 
scale  resistance  of  the  alloy;  the  Increase  of  the  stress -rupture 
strength  does  not  exceed  25-300.  The  Introduction  of  2. 5-30  H  into  the 
nlchrome  alloys  together  with  the  addition  of  a  small  amount  of  alumi¬ 
num  (0.7%)  provides  for  a  significant  increase  of  their  high -tempera¬ 
ture  strength  as  a  result  of  the  formation  at  moderate  temperatures  of 
the  highly  dispersed  intermetalllde  y' -phase;  as  a  result  of  the  dis¬ 
persion  hardening  processes  the  resistance  of  the  alloys  to  plastic  de¬ 
formation  at  both  room  and  elevated  temperatures  is  Increased.  Some  in¬ 
crease  of  the  aluminum  content  (along  with  the  addition  of  titanium. 
Increases  still  further  the  high -temperature  strength  properties  of  the 
nickel-base  alloys  as  a  result  of  the  Increase  of  the  amount  of  the 
dispersed  phases  which  are  formed  during  heat  treatment. 

The  presence  of  chromium  in  the  nickel  alloys  containing  aluminum 
and  titanium  does  not  alter  the  transformation  mechanism  in  these  al¬ 
loys  but  does  have  an  effect  on  the  variation  of  the  solubility  curves 
-  they  are  displaced  In  the  direction  of  lower  concentrations.  Norco- 
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^*}ver,  the  chromium  content  in  these  alloys  alters  the  binding  energy  of 
the  atoms  in  the  crystal  lattice,  which  has  an  effect  on  the  chromium 
and  titanium  diffusion  rate  and  adds  in  improving  the  high -temperature 


Pig.  1.  Effect„of  alloying  on  the  strength  of  the  nickel  alloys  at  80CP. 
!)  ol(X),  kg/mm^j  2)  El;  3)  alloys. 
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l)  Alloy  per  QQST  56 32-61;  2)  plant  designation;  3)  element  content 
00 J  *0  no  more  than:  5)  other  elements;  6)  S  and  P:  7)  KhN77TYu;  8) 
El;  9)  KhNTTTfuR;  10)  KhU&TWTfu;  11)  KhNTOVKIYu;  12)  KhK70KVTfuB;  13) 
VZh36-300. 


strength.  In  several  of  the  alloys  the  >' -phase  is  a  transient  metasta¬ 
ble  phase  and  under  certain  conditions  (long  soak  at  800*  and  higher) 
is  transformed  into  the  stable  tj -phase  of  the  Nl^Tl  type  with  hexagonal 
lattice;  the  stability  of  the  *' -phase  depends  on  the  degree  of  alloy- 
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lng.  In  addition  to  the  formation  of  the  Nl^Al  and  y1  strengthening 
phases,  in  the  chrome -nickel  alloys,  in  spite  of  the  small  carbon  con¬ 
tent,  during  heat  treatment  titanium  carbides  of  the  TiC  type,  chromium 
carbides  of  the  CruC^  Cr23C6  tyPe>  and  binary  carbides  of  the  Me^Me^ 
type  may  be  precipitated  out.  The  ircreaae  of  the  high-temperature 
strength  of  the  alloys  Is  associated  with  increase  of  the  amount  of  the 
dispersed  phases  which  are  precipitated  out  as  a  result  of  the  action 
of  moderate  temperatures,  and  with  their  interaction  with  the  solid  so- 


Pig.  2.  Effect  of  alloying  elements  on  hot  hardness  of  the  type  75-15-7 
chrome -nickel-iron  alloy  (a)  and  on  the  stress -rupture  strength  at  800° 
(b).  l)  cr10Q,  kg/mm2;  2)  solid  solution;  3)  element  content, 

lution.  The  composition  of  the  intermetallide,  carbide,  and  also  the 
boride  phases  varies  as  a  function  of  the  alloying  and  the  heat  treat¬ 
ment.  In  certain  cases  small  additions  of  carbon  (0. 1$)  aid  in  refining 
the  grain  for  the  same  heat  treatment  regimes  and  thus  improve  the  fa¬ 
tigue  resistance. 

The  Introduction  of  Mo  or  W  (or  Mo  and  W  together)  into  the  nick¬ 
el  -chromlum-tltanium-aluminum  alloys  aids  the  further  increase  of  the 
high -temperature  strength  in  the  higher  temperature  range;  individual 
alloying  (Pig.  2)  of  the  nickel -chromium  alloys  with  the  various  ele¬ 
ments  is  not  as  effective  as  combined  alloying. 

In  many  alloys  with  low  carbon  content  the  W  and  Mo  do  not  enter 

4500 
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Into  the  composition  of  the  strengthening  phases  if  their  content  is 
low.  These  elements  have  a  favorable  effect  when  they  are  present  in 
the  solid  solution,  increasing  the  thermal  resistance  of  the  solution 
by  means  of  inhibiting  the  weakening  processes  at  high  temperatures. 


Pig.  3.  Effect  of  boron,  calcium,  barium,  beryllium,  and  cerium  on  the 
life  of  an  alloy  of  the  EI617  type  at  a  temperature  of  85O0  and  stress 
of  20  kg/mm2.  1)  Life,  hours;  2;  element  content, 

They  also  increase  the  re crystallization  temperature  of  the  solid  solu¬ 
tion,  moreover,  molybdenum  increases  the  chromium  self-diffusion  £  ;ti- 
vation  energy  in  the  alloy.  That  is,  the  effect  of  both  elements  redu¬ 
ces  to  suppression  or  inhibition  of  the  diffusion  processes,  wJ  hout 
which  there  can  be  no  interchange  of  atoms  in  the  solid  solution  during 
coagulation  and  recrystallization.  In  the  high -temperature  chrome -nick¬ 
el  alloys,  the  tungsten  is  distributed  along  the  axes  of  the  dendrites, 
while  molybdenum  and  niobium  have  a  tendency  to  distribution  along  the 
grain  boundaries.  The  addition  of  small  quantities  of  boron  (0. 001- 
0*05$) ,  and  also  the  addition  of  the  surface-active  elements  -  Ce,  Ca, 
Ba,  Be  (Pig.  3),  Mg*  and  Zr  -  also  aids  in  improving  the  high-tempera - 
ture  strength  of  the  alloys.  Boride  phases  of  differing  composition  are 
formed  in  the  high -temperature  alloys,  depending  on  the  boron  content: 
Cr^B^  (X  phase);  CrgB;  (Mo,  Cr,  W,  Ni)^;  (Mo,  Cr,  W,  Ni)^  (Y 
phase).  In  the  presence  of  boron  the  diffusion  processes  along  the 
grain  boundaries  are  retarded,  which  increases  the  strength  of  the  al- 
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loys  at  high  temperatures.  An  increased  content  of  sulfur  and  the  low- 
melting  metals  -  Pb,  Sn,  Sb,  Bi  -  which  enter  from  the  charge  has  an 
unfavorable  effect  on  the  high-temp  \  ifure  strength  of  the  alloys  and 
the  operational  life  of  the  parts,  for  example,  ga3  turbine  rotor 
blades  mad.  from  the  EI473A  alloy  eon • ad ning  0. 0015$  lead  had  five 
times  shorter  service  life  than  blaaeo  Mane  '‘rum  >..hc  same  alloy  but 
with  only  0. 0008$  lead. 

The  wrought  high-temperature  nickel  alloys  which  have  found  great 
est  application  in  industry  are  tli-  e  -  o  ,,  £i  -vy'ifi  ,  EI473B,  EI617,  EI- 
598,  EI826,  El 929,  El 445,  and  Ei867;  -  :  -leal  composition  is  giv 

en  in  Table  1  and  mechanical  proper t:  ;  ’L’ubio  2. 

In  England  the  wrought  high -tc-mpe  cad n re  nickel  alloys  are  known 
under  the  trade  names  Nlmoiii  c  8-  ,  •  :r,,  100,  105  and  115  (see 

Nlmonlc),  In  the  USA  they  are  known  >c,  ■■  names  Inconel  X,  Incoloy 

550,  700,  713c  (see  Inconel) .  Udimet.  ><  41,  K42V.  The  majority 

of  the  Soviet  wrought  high-temp- rat  ■;:•••  ;  creels  are  not  inferior 

to  the  foreign  alloys  with  rospo-.rc  '  .a  ..  a,a  ?ruturc  strength  charac 
ter  1st! cs  and  at  the  same  time  ’  r  ■  ’•  •Jr  ;  or  i  ts  content 

does  not  ‘  y ■■■  ”,  re  ( 

The  considerable  !  nerear.'-  •  *  .  •;  *  r  :  =.  nirongth  proper 

ties  of  the  alleys  and  tlr.  op* •  . ,/  up  parts  which  has 

taken  place  in  the  course  of  th-  'a  ;  :  'bv.-r  achieved  as 

a  result  of  the  use  -t  hi,  hor-oi  ;  1  (’;•>  ,  Or,  Ti ,  Nb, 

W,  Mo)  which  are  five  of  t  h-  •  {n  .  hi,  S11,  Sb, 

S);  increase  of  Ur  rent  era  -..a  -  ■  ,  „u,.<  case  dis¬ 
persion  hardening;  the  addition  10  .  meni  •  (W,  Mo,  Nb) 

which,  inhibit  the  diffuslona'l  10  •«. .  :  n:  r  ; :  r  small  ad¬ 
ditions  of  B,  Ca,  2r,  Co,  Ba ,  whl  h  ;  !  •  ■  ,  an  i  strength¬ 

ening  of  the  intercrystal  lino  lamina  a  i.  ■  -ii-  ,  •  improvement  of  the 
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melting  technology  (including  the  electroslag  and  vacuum  remelting 
^  methods);  improvement  of  the  hot  pressure  working  methods  to  ensure 
uniformity  of  the  structure  of  the  finished  parts;  elimination  of  the 
depleted  layer  on  the  surface  of  parts  which  is  formed  as  a  result  of 
high  heating  during  heat  treatment;  relief  of  the  stresses  which  arise 
in  parts  as  a  result  of  strain  hardening  during  machining. 

The  variation  of  the  mechanical  properties  of  the  wrought  high- 
temperature  nickel  alloys  with  temperature  increase  is  shown  in  Fig.  4, 
and  the  variation  of  the  fatigue  strength  is  shown  in  Fig.  5,  the  vari¬ 
ation  of  the  coefficient  of  linear  expansion  and  the  coefficient  of 
thermal  conductivity  with  temperature  is  shown  in  Figs.  6  and  7. 

The  EI437A  and  EI437B  alloys  are  used  for  fabricating  gas  turbine 
rotor  blades  and  disks.  The  EI473B  alloy  differs  from  the  EI473A  alloy 
in  the  addition  of  small  quantities  of  boron  and  higher  purity  of  the 
charge  materials  used  in  its  smelting. 

The  properties  of  the  EI473A  and  EI473B  alloys  depend  to  a  greater 
degree  on  the  heat  treatment  conditions  -  the  tempering  and  aging  tem¬ 
peratures.  Quenching  from  1080°  with  rapid  cooling  in  water  provides 
moderate  strength  (afe  =  65-70  kg/mm2)  and  high  plasticity  (6  and  +  > 

>  45).  The  alloys  are  used  in  this  condition  to  fabricate  welded  ele¬ 
ments  of  structures  which  are  subjected  to  aging  after  welding.  In  the 
aged  condition  the  alloys  have  higher  strength  and  hardness  but  lower 
plasticity  and  impact  strength. 

Figure  8  shows  the  variation  of  the  hardness  of  the  EI437A  alloy 
and  the  amount  of  the  7' phase  in  its  structure  as  a  function  of  aging 
time  and  temperature  after  a  solid  solution  quench,  and  Fig.  9  shows 
the  effect  of  tempering  temperature  on  the  stress -rupture  strength. 

The  amount  of  the  strengthening  7' -phase  depends  strongly  on  the 
aging  regime.  Increasing  aging  temperature  from  800°  to  900°  leads  to 
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■'.'V 


A  V** 


Mechanical  Properties  of  wrought  High -Temperature .^Nickel  Alloys  and 
Heat  Treatment  Regimes  (fatigue  limit  based  on  10 1  cycles) 


1)  Steel  per  QOST  5632-61;  2)  plant  designation;  3)  heat  treatment;  4) 

HB  (kg/nra2);  5)  temperature  (°C);  6)  (kg/ram2);  7)  an  (kgm/cm2);  8)  ED; 

9)  KhN77T3fu;  10)  El;  11 )  quench  from  -,  hold  for  8  hours,  air  cool,  age 
at  — ,  hold  for  16  hours,  air  cool;  12)  (dQtp  *=);  13)  KhN77TYuR;  14) 

same;  15)  KhN70VinYu;  16)  quench  from-  hold  for  2  hours,  air  cool,  re¬ 
heat  for  quench  to  -,  hold  for  4  hours,  air  cool,  age  at  -,  hold  for  16 
hours,  air  cool;  17)  KhN7QMVTYuB;  18)  quench  from  -,  hold  for  5  hours, 
air  cool,  reheat  for  quench  to  — ,  hold  8  hours,  air  cool,  age  at  -, 
hold  16  hours,  air  cool;  19)  heat  for  2  hours,  quench  from  -,  hold  for 
2  hours,  air  cool,  reheat  for  quench  to  -,  hold  for  4  hours,  air  cool, 
age  at  -,  air  cool;  20)  VZh;  2i)  quench  from  -,  hold  2  hours,  air  cool, 
reheat  for  quench  to  -,  hold  4  hours,  air  cool,  age  at  -,  hold  8  hours, 
air  cool;  22)  quench  from-,  hold  4-6  hours,  air  cool,  age  at  -,  hold 
8  hours,  air  cool;  23)  KhN67MTYu;  24)  quench  from  -,  air  cool,  age  at 
— ,  hold  15  hours,  air  cool. 
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Pig*  5*  Variation  of  fatigue  limit  of  wrought  high •temperature  nickel 
alloys  with  temperature  Increase  (solid  lines  are  for  specimens  without 

notch,  dashed  lines  are  for  notched  specimens),  l)  o  kg/nm^;  2)  EX; 
3)  temperature,  *C.  “** 
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Pig.  6.  Variation  of  o  with  temperature,  l)  El;  2)  temperature,  #C. 
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Pig.  7.  Variation  of  X  with  temperature.  1)  X, 
temperature,  °C. 


cal/cm-sec-°C;  2)  El; 


3 


Fig.  8.  Effect  of  aging  time  and  temperature  on  the  variation  of  hard¬ 
ness  of  the  EI437A  alloy  after  solid  solution  quench  (a)  and  effect  of 
50-hour  aging  on  the  variation  of  the  amount  of  Y-phase  (b).  l)  HB,  kg( 

/mm2;  2)  aging  time,  hours;  3)  %  Y  phase;  4)  tempering;  5)  aging  tem¬ 
perature,  C. 
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Pig.  9*  Effect  of  quench  temperature  on  the  time -to -failure  of  the  EX- 
437A  type  alloy.  1)  Time -to -failure;  2)  kg/nm2;  3)  quench  temperature , 

•c. 


Pig.  10.  Variation  of  mechanical  properties  of  the  EI445  alloy  with 
temperature  Increase,  l)  kg/ran?;  2)  a^,  kg/cm*;  3)  temperature,  *C. 


Pig.  11.  Stress -rupture  strength  of^the  EI826,  EX 929#  and  EI867  alloys 
(data  from  TsKTI).  1)  Stress,  kg/n*r;  2)  with  notch;  3)  time,  hours. 
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Pig*  13-  Dependence  of  creep  rate  on  stress  for  the  KI826,  El 929,  EI067 
alloys  (data  from  TsKTl).  1)  Stress,  kg/ran2;  2)  El;  3)  creep  rate,  %/ 
/hour;  4)  computed  straight  line;  5}  experimental  data. 


1  ^wni  HP* 
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Fig.  15.  Effect  of  Iona -term  aging  on  variation  of  mechanicalpProper- 
tles  of  EI867  alloy.  1)  Temperature;  2)  kg/ran2;  3)  a  ,  kgm/cm  ;  4)  ag 
lng  time,  hours.  n 


Pig.  16.  Variation  of  hardness  of  EI867  alloy  which  has  been  pretreated 
In  accordance  with  specifications  as  a  function  of  aging  time  at  vari¬ 
ous  temperatures,  l)  HB,  kg/mn2;  2)  aging  time,  hours. 


Pig.  17*  Hi crost rue ture  of  EX 867  alloy:  after  heat  treatment  per  speci¬ 
fications;  a)  magnification  1000;  b)  amplification  10,000;  after  heat 
treatment  and  additional  heating  at  1000°  for  100  hours;  c)  amplifica¬ 
tion  1000;  d)  amplification  10,000. 
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TABI£  3 

Effect  of  Surface  Treatment  of  EI473A  Alloy  Specimens 
on  Stress -Rupture  Strength  at  700-800° 


1)  Form  of  treatment;  2)  kg/mn2;  3)  time  to  failure,  hours;  4)  surface 
strain  hardening;  5)  electropolishing  (specimens  not  strain  hardened); 
6)  finish  turning;  7)  grinding;  8)  Dolishing  after  turning;  9)  polish¬ 
ing  after  grinding;  10)  rolling;  11)  shot  peening;  12)  through  strain 
hardening;  13)  stretching  to. 


Fig.  18.  Effect  of  strain  hardening  on  fatigue  of  EI437A  alloy:  a)  at 

20*;  b)  at  700*.  l)  Number  of  cycles,  NQ- 10  ;  2)  electropolishing  (spe 

cimens  not  strain  hardened);  3)  polishing  after  grinding  (regime  VI -l) 
4)  grinding  with  sharp  stone  (regime  III-l);  5)  grinding  with  dull 
stone  (regime  III -5);  6)  polishing  after  turning  with  sharp  tool  (re¬ 
gime  V-l);  7)  polishing  after  turning  with  dull  tool  (regime  V-2);  8) 
finish  turning  (regime  1-2);  9)  turning  with  electric  heating  (regime 
II-l);  10)  rough  turning  (regime  I -13);  ll)  shot  .eenlng  (regime  VIII- 
l);  12)  rolling  (regime  VII -3);  13)  stretching  to. 
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coagulation  of  the  precipitated  phase  both  within  and  along  the  bound¬ 
aries  of  the  grains.  With  increase  of  the  aging  time  the  size  of  the 
phase  particles  gradually  increases.  In  this  case  the  phenomenon  of  en¬ 
largement  of  the  particles  of  the  y' -phase  continues,  for  example, 
clear  up  to  1000  hours  at  800°.  With  further  increase  of  the  aging 
time,  along  with  the  enlargement  of  the  y' -phase  particles  there  is  ob¬ 
served  precipitation  of  the  lamellar  form  as  a  result  of  its  transfor¬ 
mation  into  a  stable  t^-phase  of  the  NI^Ti  type  with  hexagonal  lattice. 
The  alloys  of  the  EI437  type  have  still  another  characteristic  feature. 
If  an  alloy  which  has  been  aged  at  700°  is  heated  to  a  higher  tempera¬ 
ture  (800°  or  900°)  there  is  considerable  weakening  of  the  material. 
However,  with  subsequent  heating  at  700°  the  properties  are  practically 
completely  restored,  i.e. ,  there  is  a  sort  of  recovery  of  the  mechani¬ 
cal  properties  as  a  result  of  additional  aging. 

In  addition  to  the  strengthening  y' -phase  and  the  q-phase,  chromi¬ 
um  carbides  of  the  Cr^C^  type  or  titanium  carbides  of  the  TiC  type  with 
intermediate  lattice  parameters  are  precipitated  out  in  the  form  of  the 
so-called  carbonitrlde  phases  in  the  EI473B  alloy,  depending  on  the 
conditions  of  the  preceding  treatment. 

The  EI473A  and  EI473B  alloys  have  excellent  high -temperature 
strength  characteristics  up  to  750°,  they  also  operate  satisfactorily 
at  higher  temperatures  (up  to  85O0)  but  with  slower  stresses. 

At  550''  the  stress -rupture  strength  of  the  EI473B  alloy  depends 
strongly  on  the  strength  at  room  temperature,  while  at  750°  it  is  less 
dependent  on  the  initial  strength  at  room  temperature.  A  slight  embrit¬ 
tlement  of  the  type  EI473A  alloys  Is  noted  at  a  temperature  of  aoout 
550-650°,  which  Is  associated  with  additional  aging. 

The  EI473A  and  EI473B  alloys  have  low  notch  sensitivity,  high  fa¬ 
tigue  resistance,  and  high  oxidation  resistance.  Tempering  at  1080° 
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with  heating  for  about  8  hours  alters  the  chemical  composition  of  the 
EI473B  alloy  in  the  surface  layers,  depleting  them  of  chromium,  titani¬ 
um,  and  aluminum.  Therefore,  in  fabricating  gas  turbine  blades  the  de¬ 
pleted  layer  must  be  removed  by  mechanical  means  or  by  special  etching, 
including  electrolytic  acid  etching  to  a  definite  depth. 

The  EI437A  and  EI437B  alloys  have  the  highest  high -temperature 
strength  and  operational  properties  with  the  presence  of  uniform  grains 
of  0. 5-1  mm  diameter.  Varying  grain  size  of  the  alloys  has  an  unfavora¬ 
ble  effect  on  the  operational  life  of  parts  and  also  on  the  long-term 
high -temperature  strength.  Strict  adherence  to  the  forging  and  stamping 
regimes  must  be  observed  to  eliminate  variation  of  grain  size. 

The  EI617  and  EI598  alloys  have  higher  high -temperature  strength 
characteristics  than  the  EI437B  alloy.  They  provide  100-hour  service 
life  at  800 0  and  a  stress  of  25-28  kg/mm  and  are  used  to  fabricate  gas 
turbine  engine  rotor  blades  which  operate  at  80O-85O0.  Mechanical  .y 
worked  detail  parts  are  subjected  to  heating  in  an  argon  atmosphere  for 
2  hours  at  950°  and  additional  aging  in  an  ordinary  air  environment  for 
8  hours  at  800°,  after  this  they  become  insensitive  to  notching,  parti¬ 
cularly  at  700°.  The  EI617  alloy  has  higher  high -temperature  properties 
and  fatigue  resistance  with  a  high  boron  content  (0. 01$).  Strengthening 
of  the  EI617  alloy  is  accomplished  by  the  formation  of  the  intermetal- 
lide  y* -phase,  and  the  Y-type  boride  phase  (Mo,  Cr,  W,  Ni)^B^.  In  addi¬ 
tion,  phases  of  the  TiC  and  Me^Og  types  are  found  in  the  carbide  pre¬ 
cipitate. 

The  EI445  alloy  is  intended  for  gas  turbine  rotor  blades  with  ser¬ 
vice  life  up  to  1000  hours  at  770-850°.  The  variation  of  the  mechanical 
properties  of  this  alloy  as  a  function  of  temperature  increase  is  shown 
in  Fig.  10. 

The  EI826  alloy,  a  modification  of  the  EI617  alloy,  provides  for 
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100-hour  service  life  at  900°  and  a  stress  of  15  kg/mm2.  It  is  used  to 
fabricate  gas  turbine  engine  rotor  blades.  The  mechanical  properties  of 
this  alloy  are  shown  in  Pigs.  11-13. 

The  EI929  alloy  provides  for  100-hour  service  life  at  900°  and  a 
stress  of  22  kg/mm2.  The  high  aluminum  content  and  the  presence  of  co¬ 
balt  give  the  alloy  excellent  high -temperature  properties.  Pressure 
working  of  the  alloy  is  somewhat  difficult  in  the  first  stage  of  defor¬ 
mation  of  the  ingot  prior  to  obtaining  a  suitable  crystalline  struc¬ 
ture.  It  is  used  to  fabricate  gas  turbine  engine  rotor  blades.  This  al¬ 
loy  has  a  good  combination  of  strength  and  plasticity,  has  higher,  bet¬ 
ter,  high -temperature  strength  properties  than  the  SI617  and  EI826  al¬ 
loys  and  the  foreign  alloys  Nimonic  95,  Nimonic  100,  Inco  700.  It  Is 
one  of  the  best  of  the  wrought  high-temperature  nickel  alloys.  Increase 
of  the  carbon  content  to  0. 1; %  improves  the  fatigue  resistance  at  tem¬ 
peratures  of  700-800°  and  gives  the  alloy  a  finer  grained  structure  af¬ 
ter  heat  treatment.  Thermal  treatment  of  the  El 929  alloy  is  performed 
at  very  high  temperatures,  therefore  in  fabricating  detail  parts  it  is 
very  important  to  remove  uniformly  the  surface  layer  which  Is  depleted 
of  the  alloying  elements  (chromium,  titanium,  and  aluminum). 

The  EI867  alloy  i3  a  complex  alloy  with  the  addition  of  aluminum 
as  a  strengthening  element.  Strengthening  of  this  alloy  is  accomplished 
by  means  of  the  Ni^Al  lntermetallide  phase.  With  regard  to  stress -rup¬ 
ture  strength,  this  alloy  is  somewhat  inferior  to  the  EI929  alloy.  At 
temperatures  to  800°  it  has  quite  high  plastic  properties,  the  plasti¬ 
city  being  lowest  at  8OO-85O0.  The  weakening  of  the  alloy  is  slight 
above  850-900°,  which  permits  using  it  even  at  950°*  The  mechanical 
properties  of  the  alloy  at  high  temperatures  are  shown  in  Figs.  4,  11, 
13,  15,  and  16.  The  values  of  the  fatigue  strength  obtained  on  smooth 
and  notched  specimens  depend  very  little  on  temperature  in  the  range 
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700-900°.  This  alloy  is  used  to  fabricate  gas  turbine  engine  rotor 

blades.  Enlargement  of  the  Ni-Al  phase  particles  and  the  partial  disso- 
■*  *  j 

lution  of  this  phase  is  in  complete  agreement  with  the  hardness  varia¬ 
tion  (Pigs.  1 6  and  17).  The  higher  aluminum  content  and  the  high 
strength  at  high  temperature  make  hot  working  of  the  alloy  more  complex 
than  for  the  EI617  and  EI437B  alloys;  in  stamping  detail  parts  use  is 
made  of  a  larger  number  of  intermediate  dies,  heating  to  1200°  prior  to 
stamping,  terminate  stamping  at  1050°.  Just  as  the  EX 929  alloy,  the  EI- 
867  alloy  is  significantly  depleted  of  several  of  the  alloying  ele¬ 
ments  (Al,  Cr)  in  the  surface  layers.  Comparatively  long  heating  for 
quench  at  1200-1220°  should  be  done  in  argon. 

In  the  process  of  developing  the  wrought  high -temperature  nickel 
alloys  it  was  found  that  strain  hardening  from  mechanical  working  or 
pressure  working  has  an  unfavorable  effect  on  the  high -temperature 
strength  characteristics  and  the  operational  properties  of  the  ET437A, 
EI437B,  EI617,  and  EI867  alloys.  Figure  18  and  Table  3  show  the  effect 
of  various  forms  of  working  associated  with  strain  hardening  'n  the 
stress -rupture  strength  at  700°  for  the  EI437A  alloy.  The  best  results 
are  obtained  by  surface  rolling  and  shot  peening.  Fatigue  resistance  at 
room  temperature  and  at  a  test  temperature  of  700°  depends  to  a  great 
extent  on  the  surface  condition  of  the  specimens  and,  in  particular,  on 
the  strain  hardening.  Both  through  strain  hardening  resulting  from 
stretching  or  twisting  and  surface  strain  hardening  resulting  from  var¬ 
ious  forms  of  working  (turning  with  dull  tool,  rolling,  etc. ),  have  an 
unfavorable  effect  on  the  strength  at  high  temperature.  The  negative 
effect  of  strain  hardening  is  noted  less  in  short-time  testing  and  more 
in  long-term  testing.  The  greater  the  through  strain  hardening  result- 

* 

ing  from  stretching,  the  more  effect  it  has  on  the  stress -rupture 
strength  at  700°. 
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During  testing  for  stress -rupture  strength,  thermal  stability,  and 
fatigue  of  specimens  with  surface  strain  hardening,  cracks  whose  number 
Increases  with  the  Increase  of  the  strain  hardening  are  formed  in  the 
surface  layer  long  before  final  failure.  Similar  cracks  occur  in  opera¬ 
tion  at  the  locations  of  strain  hardening  which  has  not  been  relieved 
and  are  sometimes  the  cause  of  premature  failure  of  the  blades.  It  is 
recommended  that  the  following  thermal  treatment  be  used  to  avoid  the 
harmful  effect  of  strain  hardening  and  to  improve  operational  life.  For 
the  EI437A  and  EI437B  alloys:  heating  for  2  hours  at  850°  in  argon  and 
aging  for  16  hours  at  700®,  air  cool;  for  the  EI617  alloy:  heating  in 
argon  for  2  hours  at  950°,  container  cool,  age  for  8  hours  at  800°,  air 
cool;  for  the  EI867  alloy:  heat  for  2  hours  at  950°  in  argon  and  air 
cool;  for  the  El 929  alloy:  heat  for  1  hou:  at  950°  in  argon  or  nitro¬ 
gen,  container  cool  (regime  not  established  for  certain). 

References:  Khimushin,  F.F. ,  Legirovaniye ,  termicheskaya  obrabotka 
1  svoystva  zharoprochnykh  Staley  i  splavov  [Alloying,  Heat  Treatment, 
and  Properties  of  High -Temperature  Steels  and  Alloys],  Moscow,  1962; 
idem,  Zharoprochnyye  gazoturbinnyye  stall  i  splavy  [High -Temperature 
Gas  Turbine  Steels  and  Alloys],  in  book:  Sovremennyye  splavy  i  ikh  ter¬ 
micheskaya  obrabotka  [Modern  Alloys  and  Their  Thermal  Treatment],  Mos¬ 
cow,  1958;  Khimushin,  F.F. ,  Trusova,  Ye.F. ,  Gavrilyuk,  M.I.,  Struktura 
1  svoystva  splava  EI437  [Structure  and  Properties  of  the  EI437  Alloy], 
Moscow,  1955;  Pridantsev,  M.V. ,  Estulin,  G.  V. , ’Stal'"  [Steel],  1957,  No. 
7;  Bokahteyn,  S.Z. ,  Kishkin,  S.T. ,  Moroz,  L.M. ,  Issledovanlye  stroyeni- 
ya  metallov  metodom  radioaktlvnykh  lzotopov  [Study  of  Metal  Structure 
by  the  Radioactive  Isotope  Method],  Moscow,  1959;  Blok,  N.I.,  et  al. , 
"ZL"  [Industrial  Laboratory],  1954,  No.  8;  Kishkin,  S.T. ,  Sullma,  A.M.  , 
Stroganov,  V. P. ,  l3aledcvaniye  vliyanlya  naklepa  na  mechanicheskiye 
svoystva  i  strukturu  splava  EI437A  [Study  of  the  Effect  of  Strain  Hard- 
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ening  on  Mechanical  Properties  and  Structure  of  the  BX437A  Allop],  Mos¬ 
cow,  1956;  Kagan,  D.Ya. ,  Kolohinskly,  V.N. ,  "Metallovedenlye  i  termi- 
cheskaya  obrabotlca  metallov"  [Metal  Science  and  Heat  Treatment  of  Me¬ 
tals],  1959#  No.  8,  page  52 ;  Betterldge,  W. ,  High  -Temperature  Alloys  of 
the  NUnonlc  Type,  translated  from  English,  Moscow,  1961;  Taylor,  A. , 
Floyd,  R. ,  "J.  Inst.  Metals,"  1952#  Vol.  80,  part  1,  page  25,  part  2, 
page  557. 
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WROUGHT  HIGH-TEMPERATURE  STAINLESS  STEEL  is  steel  which  has  high 
strength  and  scale  resistance  at  high  temperatures.  It  is  intended  for 
fabricating  detail  parts  of  power  plants  operating  at  high  temperatures 
under  high  loads  (gas  turbine  blades  and  discs,  turbocompressor  parts, 
fasteners,  etc.).  The  good  high-temperature  strength  properties  of  the 
steel  are  achieved  by  special  alloying,  special  melting  processes  and 
complex  heat  treatment.  Alloying  the  wrought  high-temperature  stainless 
steels  amounts  to  introducing  into  the  solid  solution  several  alloying 
elements  which  play  varying~roles  in  the  operation  of  the  part  at  high 
temperatures  under  load.  On  the  one  hand,  we  need  those  alloying  ele¬ 
ments  which  during  operation  of  -luring  heat  treatment  will  aid  in  de¬ 
veloping  disperion  hardening  and  strengthening  of  the  solid  solution; 
on  the  other  hand,  we  need  alloying  elements  which  increase  the  binding 
energy  of  the  solid  solution,  inhibit  the  diffusional  processes  of  a 
atomic  interchange  in  the  crystalline  lattice  which  are  associated  with 
the  coagulation  of  precipitating  phases,  and  retard  the  recrystalliza¬ 
tion  processes. 

The  role  of  the  elements  which  aid  in  developing  the  dispersion 
hardening  in  alloys  with  carbide  strengthening  is  played  by  carbon, 
vanadium,  and  chromiun,  whose  interaction  leads  to  precipitation  of  the 
highly  dispersed  carbides  VC  and  Cr^Cg.  The  effect  of  carbon,  vanad¬ 
ium,  molybdenum,  and  niobium  on  the  long-term  strength  at  800°  of  steel 
with  carbide  strengthening  is  shown  in  Fig.  1. 

In  alloys  with  intermetallide  strengthening,  the  development  of 
dispersion  hardening  is  provided  for  by  titanium  and  aluminum.  During 
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Fig.  1.  Effect  of  additions  of  carbon,  vanadium,  molybdenum  and  niobium 
on  1  -  hour  stress-rupture  strength  100-hr  of  alloys  with  carbide 
strengthening  at  800°.  1)  o100  kg/mm2  2)  and. 

aging  or  during  use  of  the  alloy,  these  elements  together  with  nickel 
form  intermetallide  phases  of  the  type  y'  and  Ni,  Al,  and  thereby  aid 
in  strengthening  the  alloy.  In  alloys  with  low  nickel  content  (to  25#) 
titanium  is  the  primary  strengthening  element,  while  in  nickel-base  al¬ 
loys  the  strengthening  is  associated  with  both  titanium  and  aluminum. 
The  refractory  metals  such  as  tungsten,  molybdenum,  niobium  play  the 
role  of  the  elements  which  inhibit  the  diffusional  processes;  their 
addition  to  the  alloys  of  both  indicated  types  increases  the  recrystal¬ 
lization  temperature  of  the  solid  solutions  and  retards  the  coagula¬ 
tion  of  the  precipitated  phases. 

The  interaction  with  the  solid  solution  of  the  intermetallide  or 
carbide  phases  which  precipitate  out  at  high  temperatures  leads  to  high 
resistance  of  the  alloys  to  plastic  deformation  at  high  operating  tem¬ 
peratures.  The  addition  of  small  amounts  of  boron  (0.005-0.015#),  and 
also  calcium,  barium,  zirconium,  magnesium  and  certain  other  rare- 
earth  elements,  (Fig.  2)  is  very  useful  for  strengthening  the  grain 
boundaries  and  increasing  the  strength  of  the  alloys  at  high  tempera¬ 
tures.  The  nickel-  and  iron-base  high-tenyerature  alloys  are  very  sen¬ 
sitive  to  contamination  by  the  low-melting  metal  (lead,  tin,  antimony, 
bismuth)  and  sulfur.  We  need  only  note  that  the  presence  in  the  EI437 
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alloy  of  tens  of  thousandths  of  a  percent  of  lead  has  a  catastrophic 
effect  on  the  high -temperature  strength  and  operational  stability  of 
parts.  Therefore  the  purity  of  the  charge  materials  must  be  monitored 
very  carefully. 


Pig.  2.  Effect  of  small  amounts  of  boron,  calcium,  barium  with  aluminum, 
germanium,  and  zirconium  on  time  to  failure  of  the  EI694  alloy  at  600° 
and  a  stress  of  28  kg/mnr.  1)  Time  to  failure,  hours;  2)  hours;  3)  ^l^- 
ment  content,  %.  '  ‘ 


TABLE  1 

Chemical  Composition  of  Wrought  High-Temperature  Stainless  Steels  With 
Carbide  and  Intermetallide  Strengthening 
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♦Boron  introduced  into  alloys  in  theoretical  amount. 
1)  Grade  per  GOST  5632-61;  2)  factory  designation;  3)  element 


ontent. 


lactory  designation;  3)  element  cont< 
^KhlUKl4V2K;  6)  El;  7)  W5!*7G7F<:M£ ;  8) 
^Khl2 N8g8MFB ;  9)  Khl2N20T3R;  10)  Khl2N22T3XR;  11)  EI6Q6M  and  3^33;  U) 
KhN35VTYu;  13)  KhN35VMTR;  l4)  KhN35VT;  15)  KhN35VTR;  16)EP;  tfV*?  to. 


Usually  the  heat  treatment  of  the  wrought  high -temperature  stain¬ 
less  steels  consists  of  quenching  from  high-temperatures  with  the  for¬ 
mation  of  a  solid  solution  (austenitic  quench)  and  subsequent  aging  at 
moderate  temperatures.  The  purpose  of  the  quench  is  conversion  into  the 
solid  solution  of  the  carbides  and  lntermetallidea  which  have  precipi¬ 
tated  or  which  have  been  fractionated  during  hot  working  and  homogeni¬ 
zation  of  the  alloy.  The  creation  of  a  certain  degree  od  supersatura¬ 
tion  in  the  solid  solution  is  necessary  for  subsequent  strengthening  of 
the  alloys  as  a  result  of  dispersion  hardening,  which  takes  place  at 
elevated  tempera tures.  Dispersion  hardening  is  of  great  Importance  in 
the  high-strength-at-high-temperature  alloys  which  are  used  for  blades 
and  discs  of  the  modern  gas  turbines. 

Aging  temperature  and  duration  are  selected  as  a  function  of  the 
steel  alloying  and  operating  conditions  of  the  part.  In  certain  cases, 
EI481  for  example,  aging  to  the  maximal  hardness  is  dangerous,  r  nee 
this  causes  the  steel  to  be  very  notch  sensitive  as  a  result  of  severe 
embrittlement;  a  slight  Increase  of  the  aging  temperature  aids  in 
softening  the  steel  as  a  result  of  coagulation  of  the  dispresed  par¬ 
ticles.  More  complex  heat  treatment  also  is  used,  consisting  of  single 
or  double  quench,  single  or  double  aging.  For  example,  double  aging  for 
the  El48l  steel  and  double  quenching  for  the  £1787- steel. 

Operational  life  of  gas  turbine  engine  components  depends  to  a  con¬ 
siderable  degree  on  the  grain  size  or  the  diversity  of  grain  size  of 
the  wrought  high-temperature  stainless  steel  (Fig.  3).  Usually  the  di¬ 
versity  of  grain  size  la  created  during  heat  treatment  of  parts  which 
have  been  hot  pressure  worked  in  the  zone  of  critical  degrees  of  de¬ 
formation.  In  this  cate,  during  heat  treatment,  along  with  the  forma¬ 
tion  of  a  fine-grained  structure ,  in  the  severely  deformed  portions  of 
the  part  there  appears  a  coarse-grained  structure  in  the  cones  which 
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have  received  a  critical  degree  of  deformation.  The  diverse-grained 
structure  most  often  is  formed  in  those  portions  of  the  part  in  which 
plastic  deformation  was  hindered  as  a  result  of  reduction  of  the  metal 
tenperature  during  forging,  stamping,  or  as  a  result  of  design  pecul¬ 
iarities  of  the  part  which  hinder  metal  flow  in  the  die  during  defor¬ 
mation.  When  parts  with  diverse -grained  structure  are  subjected  to  the 
action  of  stresses  at  high  temperature,  the  portions  with  fine-grained 
structure,  having  greater  plasticity,  are  easily  deformed  under  the 
action  of  the  stresses.  As  a  result  of  this,  a  greater  load  is  ex¬ 
torted  on  the  portions  with  the  coarse-grained  structure  which  has  low¬ 
er  plasticity,  which  leads  to  premature  cracking  of  the  steel  along  the 
grain  boundaries.  During  operation  of  parts  with  diverse-grained  struc¬ 
ture,  cracks  appear  first  of  all  at  the  junction  of  the  larger  grains. 

To  increase  the  operational  life  of  parts  made  from  the  wrought 
high-temperature  stainless  steels,  it  is  very  important  to  avoid  the 
formation  of  strain  hardening  during  mechanical  working.  The  presence 
of  work  hardening  on  the  surface  of  the  parts  increases  the  diffusions! 
mobility  and  facilitates  increase  of  grain  coarseness  and  embrittle¬ 
ment  of  the  material  even  at  low  temperatures.  The  work  hardened  layer 
should  be  removed  by  electro-chemical  etching. 

in  addition  to  the  chrome  stainless  steels,  in  machine  design  use 
is  made  of  austenitic  high-temperature  steel:  with  carbide  strengthen¬ 
ing,  for  example  4Khl4Nl4V2H  (EI69),  4Khl5Jf/07F2HS  (EI388),  4Khl2N8u8KF7^ 
(EI481)  (foreign  designations  G-13B,  S- 590) »  with  intermetallide 
strengthening,  for  exaavle  KhlLN0T3R  (EI696),  Khl2N2?T3MF  (EI696K), 
KhN35VT  (El6l2),  KhN?,5Vnfu  (£1787),  EP103  (foreign  designations  A-256, 
Incoloy  901,  Incoloy  979)* 

The  chemical  composition  of  the  wrought  high-temperature  stain¬ 
less  steel  is  sncwn  in  Table  1,  and  the  mechanical  properties  and  heat 
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Pig.  3»  Effect  of  grain  size  on  100-hour  stress -rupture  strength  of 
4Khl2N8G8MFB  steel  at  6i?0°.  1)  kg/mm2;  2)  grain  size,  mm. 


Pig.  4.  Variation  of  stress  rupture  strength  with  temperature  increase: 
a)  After  100  hours;  b)  after  1000  hours.  1)  a kg/mm2;  2)  El;  ' 
tempera ture,  *C.  100 


Fig.  i>.  Variation  of  fatigue 
limit  with  temperature  increase, 
i)  kg/nan2;  2}  El;  3)  EP; 

4)  temperature,  *C. 
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Fig.  6.  Variation  of  elastic  modu 
lus  with  temperature  increase. 

1)  E,  kg/mm2;  2)  El;  3)  EP;  4) 
temperature  °C. 


Fig.  7.  Variation  of  coefficient 
of  linear  exp.:  r*  ion  with  tempera 
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TABLE  2 

Mechanical  Properties  and  Heat  Treatment  Heglmea  of  Wrought  High-Tem¬ 
perature  Stainless  Steels 
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*Usod  only  for  material  inspection  at  producing 
plant.  Parts  are  subjected  to  different  heat  treat- 
ment  depending  on  use  conditions  (see  text). 


h\  Per  G°F  56j2-6l;  2)  plant  designation;  3)  heat  treatment: 

rr  ^  (  ,  "“1 5  Q5h  < > 5  5<)  (^fiVcmS);  6)  4Khl4Nl4V2M;  7] 

F  8  aK™al  at  820  J  9)  ^Khl5N7Q7F?MS;  10)  quench  from  1170-1190*, 
hold  for  30-45  min,  cool  in  air  or  water,  aging  at  800  +  20°  for  3-10 
Fursi  11 }  ^1^-2N8g8MFB;  12)  quench  from  il4o  +  10°,  hoTd  for  1  hr  45 
nan,  c  hr  30  rcin,  cool  in  water,  two-step  a^in#;  at  660  ±  io°  for  16 

th?n.  atl,P°:  for  li!'16  hours,  air  cooling;  13)  quench  from  1150° 
hold  for  1  hr  45  min,  cool  in  water,  two-steep  aging;  at  670°  for  14 
hours,  then  at  800  for  16  hours,  cool  in  air;  14)  blank  with  square 
siae  up  co  100  mm;  quench  from  1170-1190°,  hold  for  2  hours,  air  or 
water  cooling,  aging  at  750-775°  for  16-25  hours,  air  cooliAe*-  15) 
hhlcN20T3R;  16)  same;  17)  Khl2N22T3MR;  18)  EI696M  and  EP33;  19  rods 

8So»C?o^6  p^1200O%h°ld  L°r  2“?  houra'  coS  in  air,  aging  at°750- 
/F  l6“25  8ours  air  cool*;. 20)  KhN35VTYu:  21)  forged  rod  and 
discs  (square  Su.de  90  mm);  quench  from  1150-1160°,  hold  for  6-10  hours 

qUanchFrom  1050° <  hold  for  k  hours,  air  cool,  aging 
^,2°  for  16  hours,  air  cool;  22)  compressor  blades;  heat  to  1120°f 
hold  for  u.  hour,  stamping  with  air  cooling,  aging  at  750°  for  16  hours 

^AoCaolj0,2F  KhN35yFR;  24)  ^ench  from  ll^O-llSo*  in  air.  Ling  at 

<50  for  24  hours;  25)  KhN35VT;  26)  quench  from  1180°,  hold  for  1 
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hour,  water  cool,  aging  at  780°  for  8-10  hours  and  at  830°  for  25 
hours:  27)  KM35VTR;  28)  quench  from  1120-1150°  in  air,  aging  at  750° 
for  24  hours;  29)  EP;  30)  rods;  quench  from  1120-1150°,  hold  for  2-3 
hours,  oil  cool,  aging  at  775-800“  for  16  hours  and  additional  aging 
at  630-650°  for  10-16  hours,  air  cool. 

treatment  regime  are  presented  in  Table  2.  Figures  4-6  show  the  varia¬ 
tion  of  the  stress-rupture  strength,  fatigue,  limits  and  the  elastic 
modulus  of  wrought  high-temper a ture  stainless  steel  at  various  temper¬ 
atures.  The  variation  of  the  physical  properties  with  temperature  in¬ 
crease  is  shown  in  Figs.  7-8* 

The  4Khl4Nl4V2M  (EI69)  chrome -nickel-tungsten  steel  is  used  pri¬ 
marily  for  exhaust  valves  of  internal  combustion  engines  (see  Valve 
Steel)  and  as  a  fastener  material  in  gas  turbine  construction.  In  the 
latrer  case  it  is  successfully  replaced  by  the  more  economical  EI388 
steel.  The  variation  of  the  properties  of  the  4Khl4Nl4V2M  steel  as  a 
function  of  temperature  is  shown  in  Fig.  9* 

For  valves,  the  steel  is  used  in  the  condition  after  hot  working 
pressure  with  well  refined  grain  and  after  annealing  for  5  hours  at 
820°. 

The  4Khl5N7G7F2MS  (EI388)  chrome -manganese -nickel  steel  is  the 
most  economical,  is  used  for  various  detail  parts  of  gas  turbine  in¬ 
stallations  which  operate  under  relatively  low  loads  (turbine  locomo¬ 
tives,  stationary  gas  turbine  installations).  The  mechanical,  high- 
temperature  strength,  and  physical  properties  of  the  steel  are  pre¬ 
sented  in  Figs.  4,  6,  7,  8,  10.  At  working  temperatures  to  700°  it  is 
used  without  protection  from  oxidation,  at  higher  temperatures  parts 
are  subjected  to  aluminizing  or  electrolytic  nickel  plating.  The  steel 
is  used  successfully  for  fastener  details  after  quenching  from  ll8o°, 
8-hour  aging  at  800°,  and  10-15  minute  heating  at  900°  in  a  salt  bath 
consisting  of  50#  NaNO^  and  50#  KNO^ 
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Pig.  8.  Variation  of  coefficient  of  thermal  conductivity  with  temper- 
ture  increase.  1)  X,  cal/cm-sec-°C;  2)  EIj  3)  EP. 


Fig.  9»  Variation  of  mechanical  properties  of  4Khl4Nl4V2M  steel  w..th 
temperature  increase:  a)  Standing  and  5-hour  soak  at  820°:  b)  quer-  h 
from  1175°  in  water  and  5-hour  aging  at  750°.  1)  o,  kg/mm2;  2)  a.  , 

2 

kgm/cm  j  3)  o  and  4)  temperature,  °C;  5)  an. 


Fig.  10.  Variation  of  mechanical  properties  of  4Khl5N7G?F2MS  steel 
with  temperature  increase.  Quench  from  Il8c°,  hold  for  45  min,  water 
cool,  aging  at  800°  for  8  hours  1)  a  kg/mm2;  d)  6  and  t;  3)  tempera- 
ture,  °C. 
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Fig.  11.  Variation  of  mechanical  properties  of  4Khl2N8G8MFB  steel  with 
temperature  increase.  Heat  treatment  to  HB  (d  .  =  3.6  mm).  1)  a, 

kg/rnm2;  2)  temperature,  °C.  °^p 


3 

'WMHHI  nwM  * 

Pig.  12.  Variation  of  mechanical  properties  of  Khl2N20T3R  steel  with 
temperature  increase.  Quench  from  ll80°  in  air,  16-hour  aging  at  750°. 

1)  V  a0.2'  aptsJ  2)  apts;  6  ^  *0  test  temperature. 

The  4Khl2N8a8MFB  (El48l)  chrome-manganese-nicke3  steel  is  used  to 
fabricate  turbine  discs  weighing  from  50  to  500  kg  and  diameter  up  to 
1  meter,  and  also  for  shroud  rings  used  to  join  discs,  screens,  laby¬ 
rinth  seals  and  fastener  details.  The  complex  technological  operation 
of  half -hot  work  hardening  is  not  required  for  discs,  since  the  re¬ 
quired  strengthening  is  obtained  by  means  of  a  heat  treatment  consist¬ 
ing  of  a  water  quench  and  double  aging.  Figure  11  shows  the  variation 
of  the  steel  mechanical  properties  as  a  function  of  temperature.  Steel 
with  high  hardness,  obtained  as  a  result  of  aging  at  650-700*,  has 
high  strength  but  low  and  unstable  high-temperature  strength  as  a  re¬ 
sult  of  heightened  notch  sensitivity  at  operating  temperatures  of  the 
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order  of  650°.  To  reduce  the  notch  sensitivity,  the  steel  is  subjected 
to  double  aging  (first  at  670°  for  16  hours,  second  at  7&0-&00 *  for 
14-16  hours).  This  results  in  good  high-temperature  strength  of  the 
steel  and  stable  operation  of  the  discs.  Only  the  disc  rim  should  be 
subjected  to  the  second  aging  to  provide  further  softening  of  the  rim. 
The  more  economical  EI73^  steel  has  been  developed  to  economize  the 
nickel  in  the  steel  of  this  type  and  to  eliminate  niobium  from  the 
chemical  composition.  This  eteel  has  the  same  properties  as  the  EI481 
steel  and  is  recommended  for  numerous  detail  parts  operating  at  high 
tenders tures  (rings,  bolts,  pins  and  discs). 

The  Khl2N20T3R  (EI696)  steel  is  used  for  fabricating  turbine 
discs,  structural  parts  of  trubine  housings,  couplings,  shafts,  nozzle 
cone  parts.  Afterburner  chambers  fabricated  from  sheet  material  ope 
rate  quite  satisfactorily  to  600®.  With  regard  to  high-temperature 
strength  properties,  this  steel  is  close  to  the  nickel  alloy  KhM7  ffYuR 
(EI437B),  is  equivalent  to  the  nickel  alloy  KhN77TYu  (EI437A),  and  is 
the  most  economical  steel  of  the  iron-base  wrought  high -temperature 
stainless  steels.  Figure  12  shews  the  variation  of  che  high- tempera¬ 
ture  strength  properties  of  the  Khl2N20T_>JR  steel  with  temperature 
change.  High  strength  properties  at  high  temperatures  are  obtained  as 
a  result,  of  the  use  of  heat  treatment  consisting  of  an  austenite  quench 
from  1100-ll8o°  and  subsequent  dispersion  hardening  at  750-775**  In 
order  to  eliminate  shrinkage,  the  quench  should  be  performed  in  oil 
at  a  temperature  of  about  1100°  and  doui iu  aging  should  be  used:  10 
hours  at  750-800°  and  10-20  hours  at.  air  cool.  For  small 

sections  the  cooling  during  quenching  s..  o.  t  done  in  air,  for  large 
sections,  in  oil. 

The  following  thermal  and  meehnni  ai  treatment  is  used  for  fast¬ 
eners  and  other  high-strength  detail  parts  wa^u  ac  500-600*:  heating 
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to  1120°,  deformation  in  the  hot  condition  with  a  reduction  of  20#; 
double  aging:  16  hours  at  700-750°  and  10-20  hours  at  600-650°,  air 
cool  (o^  =  100  kg/mm2,  aQ<2  =  70  kg/ram2,  <5  =  15#,  if  =  20#).  Minimal 
strength  and  hardness  of  the  steel  at  room  temperatures  are  obtained 
with  an  austenitic  quench  from  1000-1150°.  The  steel  is  easily  stamped 
in  this  condition.  The  greatest  changeof  the  steel  hardness  takes  place 
with  aging  in  the  range  650-750°. 

The  EI696A  steel  is  a  modification  of  the  EI696  steel  and  is  used 
for  detail  parts  fabricated  from  sheet  by  welding  and  operating  at  a 
temperature  not  over  800°.  The  parts  weld  best  in  the  austenite -quench 
condition  (quench  from  1000°).  Higher  electrode  pressure  is  required 
in  spot  and  seam  welding,  and  constant  conditions  are  necessary  in 
argon-arc  welding  to  avoid  the  appearance  of  cracks.  EI696A  steel  with 
2. 4-2. 7#  Ti  and  0.008#  B  and  with  lower  aluminum  content  welds  better 
than  the  steel  with  high  aluminum  content.  To  improve  the  strength, 
welded  details  are  subjected  to  aging  at  700-750°  for  5-16  hours. 

The  Khl2N22T3MR  (EI696M  and  EP33)  steel  is  also  dispersion  hard¬ 
ening  with  intermetallide  strengthening.  It  is  used  for  fabricating 
highly  loaded  detail  parts  for  gas  turbine  engines  operating  at  tem¬ 
peratures  to  750°  (turbine  discs,  compressor  discs,  deflectors,  rings, 
turbine  and  compressor  blades).  Tempering  of  parts  operating  up  to  600° 
is  performed  at  950-1050°  in  oil,  double  aging  for  16  hours  at  720-750° 
and  for  16  hours  at  600-650°.  For  detail  parts  operating  at  650-750°, 
it  is  advisable  to  perform  the  quench  from  1100-1130°  with  air  cool¬ 
ing,  aging  for  16-25  hours  at  750-785°  and  10-16  hours  at  600-650°. 

For  detail  parts  operating  under  conditions  of  concentrated  loads 
(discs,  turbine  blades)  at  these  same  temperatures,  quench  from  1120° 
in  oil  is  recommended  with  double  aging:  for  2-5  hours  at  830-8500  and 
16-25  hours  at  700°.  With  respect  to  stress  rupture  strength,  the 
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EI696M  steel  Is  close  to  the  nickel  alloy  EI437B  and  can  replace  it  at 
700  and  750°.  The  mechanical  properties  of  the  steel  are  shown  in 
Pig.  13.  The  EI696M  steel  differs  from  EI696  (as  a  result  of  molyb¬ 
denum  addition)  in  having  less  tendency  to  loss  of  strength  with  air 
cooling  during  heat  treatment,  which  is  very  important  for  the  fabri¬ 
cation  of  discs  and  other  parts  of  large  dimensions  and  sections. 
Processing  plasticity  i3  similar  to  that  of  the  EI696  steel  (Fig.  14). 

The  KhN35VTYu  (EI787)  steel  is  used  for  detail  parts  of  gas  tur¬ 
bine  engines  operating  from  500  to  750°.  For  parts  operating  at  500- 
650°  and  with  high  stresses,  the  thermal  and  mechanical  treatment  con¬ 
sists  of  heating  the  blanks  to  1150°,  deformation  in  the  hot  condition 
with  large  degree  of  reduction,  and  subsequent  aging  for  16  hours  at 
750°.  Double  quenching  is  used  for  parts  operating  650-750°:  air  from 
1150°  (6  hour  soak)  and  air  from  1050°  (4  hour  soak),  and  then  8-hour 
aging  at  830°  with  air  cooling.  The  variation  of  steel  properties  with 
temperature  increase  is  shown  in  Pig.  15.  This  steel  welds  very  poorly. 


Fig.  13.  Variation  of  mechanical  properties  of  Kh32N22T3MR  steel  with 
temperature  increase:  1)  oil  quench  from  IloO®  plus  16  hours  at  730° 
plus  16  hours  at  6 30°;  2)  oil  quench  from  1120°  plus  16  hours  at  780°. 
a)  0,  kg/mnrj  b)  temperature.  °C. 
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Pig.  14.  Diagram  of  Khl2N22T3MR  steel  plasticity  as  a  function  of 
temperature;  1)  Impact  strength;  2)  reduction  on  press  prior  to  ap¬ 
pearance  of  cracks;  3)  reduction  under  hammer  prior  to  appearance  of 
cracks,  a)  deformatin,  b)  a  ,  kgm/cm2;  c)  temperature,  °C. 


Pig.  15.  Variation  of  mechanical  properties  of  KhN35VTYu  steel  with 
temperature  increase.  1)  0,  kg/mm^j  2)  temperature,  °C. 


The  KhN35VMTR  (EI692)  chrome-nickel-titanium  steel  belongs  to  the 
mildly  dispersion  hardening  steels  which  are  used  in  turbine  construe  • 
tion  for  fabricating  blades  and  fastener  details  operating  at  630-700° 
with  service  life  of  the  order  of  10,000  hours.  The  steel  has  satis¬ 
factory  plasticity  under  stress -rupture  conditions  at  650-700°  and  is 
scale  resistant  to  850°.  The  mechanical  properties  are  given  in  Pigs. 
4,  6. 

The  KhN35VT  (EI612)  chrome-nickel  steel  belongs  to  the  steels 
which  are  strengthened  by  means  of  dispersion  hardening  and  tungsten 
alloying.  The  steel  is  intended  for  turbine  blades,  discs  and  rotors 
operating  for  long  periods  at  650-680°.  The  mechanical  properties  are 
shown  in  Figs.  4,  6,  16.  Under  stress  rupture  conditions,  the  steel 
has  adequately  high  plasticity,  therefore  working  deformation  of  the 
order  of  0.5-1#  is  permitted.  The  steel  is  scale  resistant  to  800°. 
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The  steel  welds  satisfactorily  with  the  use  of  electrodes  covered  with 
the  KTI-7  coating  and  which  contain  niobium  in  addition  to  the  other 
alloying  elements  of  the  steel.  Welding  is  performed  both  in  the  con¬ 
dition  after  austenitic  quench  and  after  quench  and  double  aging.  The 
parts  should  be  subjected  to  double  tempering  after  welding. 


J 00  *00  500  t>nO  TOO 

Pig.  16.  Variation  of  mechanical  properties^of  KhN35VT  steel  with 
change  of  test  temperature;  1)  a.,  a  kg /mm2;  2)  a  ,  kgm/cm2;  3)  tem¬ 
perature,  °C;  4)  an.  os  n 


2  * 


Fig.  17.  Variation  of  mechanical  properties  of  steel  with  tem¬ 
perature  Increase.  1)  o^,  oQ  2,  kg/mn- ;  f)  temperature,  *C. 
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TABLE  3 

Stress  Rupture  Strength  of  EP105 
Steel 
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Temperature,  #Cj  2)  100 -hr  stress  rupture  strength  limit  (kg/mm  ); 
relative  elongation  after  long-term  testing  on  unnotched  specimens; 
smooth  specimens;  5)  notched  specimens. 


The  KhN35VTR  (EI725)  steel  is  intended  for  fabricating  turbine 
cases,  guide  vanes  operating  at  750°.  The  steel  belongs  to  the  disper¬ 
sion  hardening  group  and  has  high  strength  at  high  temperature.  The 
mechanical  properties  are  shown  in  Pigs.  4,  6.  It  may  be  used  in  de- 
sings  fabricated  from  sheet  by  welding.  It  is  scale  resistant  to  800- 
850*. 

The  EP105  chrome -nickel -titanium-aluminum  steel  if  dispersion 
hardening  with  lntermetalllde  strengthening.  In  addition  to  the  inter- 
metalllde  *y' -phase,  in  the  steel  structure  there  are  present  titanium 
carbide  TiC,  titanium  nitride  TIN,  and  the  boride  "Y"  phase  in  which 
there  is  a  small  amount  of  chromium  and  iron.  The  steel  has  high 
strength  at  high  temperature,  particularly  at  750-800°  (Fig.  17) •  It  is 
used  for  gas  turbine  discs  and  blades  operating  to  800°  in  place  of 
the  nickel  alloys  EI437A,  EI437F. 

This  steel  deforms  satisfactorily  in  the  1100-900°  range  and  ma¬ 
chines  satisfactorily.  It  is  recommended  for  turbine  blades  and  discs 
operating  to  300*  and  as  a  replacement  for  the  EI437A  and  EI437B  al¬ 
loys. 

References:  Khlmushin,  F.P.  Zharoprochnyye  gacoturbinnyye  stall  i 
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splavy  (High-Temperature  Gas  turbine  Steels  and  Alloys)  in  boot:  Sov- 
remennyye  splavy  i  Lkh  termlcheskaya  obrabotka  (Modern  Alloys  and 
Their  Heat  Treatment),  Moscow,  1958;  Khlmushin,  F.P. ,  Legirovanlye, 
termicheskaya  obrabotka  1  svoystva  zharoprochnykh  Staley  1  splavov 
(Alloying,  Heat  Treatment  and  Properties  of  High -Tender ature  Steels 
and  Alloys),  Moscow,  1962;  Pridantsev,  M.V.  and  Estulin,  G.V. ,  Stal* 
(Steel),  1957,  No.  7;  Pridantsev,  M.V.  and  Lanskaya,  K.A.,  Stall  dlya 
kotlostroyeniya  (Boiler  Construction  Steels),  Moscow,  1959;  A  sympos¬ 
ium  on  high-temperature  steels  and  alloys  for  gas  trublnes  L. ,  1952 
(The  Iron  and  Steel  Institute.  Special  report.  Ho.  43);  Simnons  W.P. , 
Krivobok  V.N.,  Compilation  of  chemical  compositions  and  rupture 
•strengths  of  super-strength  alloys,  Phil.,  1957  (  ^TM.  Special  techni¬ 
cal  publication.  No.  170A). 

F.P.  Khlmushin 


WROUGHT  MAGNESIUM  ALLOYS  are  magnesium  alloys  which  are  subjected 
to  rolling,  pressing,  forging  and  stamping.  These  alloys  are  used  for 
production  of  extruded  rods,  strip,  profiles  and  tubes,  rolled  plates 
and  sheet,  forgings  and  stampings.  Industrial  use  is  made  of  the  wrought 
magnesium  alloys  alloyed  with  aluminum,  zinc,  manganese,  zirconium,  the 
rare-earth  elements,  thorium  and  certain  other  metals.  For  the  chemical 
compositions  see  Magnesium  Alloys.  Details  and  components  of  various 
structures  made  from  the  wrought  mill  products  are  fabricated  by  mech¬ 
anical  working,  welding  and  riveting,  three-dimens icnal  and  sheet  stamp¬ 
ing.  Depending  on  the  basic  properties  and  purpose,  the  wrought  magnes¬ 
ium  alloys  can  be  divided  into  four  groups:  1)  alloys  with  high  plast¬ 
icity,  corrosion  resistance,  weldability  andlow  strength  (o^  =  17  -  23 

2  2 
kg/mm  );  2)  alloys  of  medium  strength  (ob  =23-26  kg/mm  )  with  good 

2 

plasticity  and  weldability;  3)  high  strength  alloys  (afa  =  26  -  40  kg/mm  ) 
with  medium  and  low  plasticity;  4)  high  strength  alloys  intended  for 
use  at  elevated  temperatures. 

The  first  group  includes  the  MAI  alloy  of  the  Mg-Mn  system  which 
is  noted  for  the  highest  corrosion  resistance,  best  weldability  and 
high  plasticity  (see  Low-Strength  Wrought  Magnesium  Alloys);  the  second 
group  includes  the  low-alloy  MAS  alloys  of  the  Mg-Mn  system  with  the 
addition  cf  0.2$  Ce,  the  MA9  alloy  of  the  same  system  with  additions  of 
0.5$  A1  and  0.2$  Ca  and  the  medium-alloy  MA2  alloy  of  the  system  Mg  - 
A1  -  Zn  —  Mn.  The  alloys  of  the  second  group  have  processing  plasticity 
which  is  sufficient  for  the  rolling  of  sheet,  satisfactory  weldability 
and  corrosion  resistance  and  higher  mechanical  properties  in  comparison 
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with  the  MAI  alloy  {see  Medium-Strength  Wrought  Magnesium  Alloys),  The 
third  group  includes  the  alloys  MA2-1,  MA3  and  MA5  of  the  Mg  -  A1  —  Zn  — 
Mn  system,  the  VM65-I  alloy  of  the  Mg  -  Zn  -  Zr  system,  and  the  MAlo 
alloy  of  the  Mg  -  A1  -  Cd  -  Ag  -  Mn  system.  The  alloys  of  this  group, 
except  for  MA3,  are  strengthened  by  heat  treatment  and  (with  the  excep¬ 
tion  of  VM65-I)  have  a  tendency  to  stress  corrosion  which  increases 
from  the  MA3  alloy  to  the  MA10  alloy  (see  High-Strength  Wrought  Magnes¬ 
ium  Alloys).  The  fourth  group  includes  the  alloys  alloyed  with  the  rare- 
earth  elements  —  VM17  of  the  Mg  -  Ce  —  Mn  system  and  MA11  of  the  Mg  — 

Nd  -  Mn  —  Ni  system,  and  also  the  alloys  with  thorium  MA13  and  VMD1  of 
the  Mg  -  Th  -  Mn  system.  The  alloys  of  this  group  have  good  plasticity 
in  pressure  working  and  can  be  welded  using  argon-arc  welding.  The  cor¬ 
rosion  resistance  of  the  alloys  with  thorium  is  no  lower  than  that  of 
the  MA8  alloy  and  is  somewhat  better  than  that  of  the  MA11  alloy.  The 
alloys  of  the  fourth  group  are  not  subject  to  stress  corrosion.  The 
MA11  and  MA13  alloys  can  be  heat  treated.  The  VM17  alloy  is  intended 
for  long-time  operation  (>  100  hours)  at  temperatures  to  200°,  the  M711 
alloy  is  for  temperatures  to  250°,  and  the  MA13  and  VMD1  alloys  are 
good  to  350°.  For  short  time  operations  (<  5  hours)  the  VM17  alloy  can 
be  used  at  temperatures  to  250°,  the  MA11  alloy  to  300°,  and  the  MA13 
and  VMD1  alloys  to  400°  (see  High-Temperature  Wrought  Magnesium  Alloys). 

The  hexagonal  structure  of  the  crystal  lattice  of  magnesium  and 
its  alloys  gives  rise  to  certain  peculiarities  of  the  deformation  pro¬ 
cess  and  the  properties  of  the  resulting  mill  products.  At  room  temper¬ 
ature,  slippage  in  the  crystal  lattice  of  magnesium  takes  place  only 
along  one  base  plane  of  the  hexagonal  prism,  which  explains  the  low 
plasticity  of  the  alloys  at  this  temperature.  Therefore,  all  the  pres¬ 
sure  working  operations  are  performed  in  the  hot  condition.  In  the  pro¬ 
cess  of  deformation  at  temperatures  above  200-225°,  there  appear  addi- 
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tional  slippage  planes  and  the  plasticity  of  magnesium  and  its  alloys 
increases  sharply.  With  sheet  stamping,  bending  and  straightening,  the 
blanks  are  heated  (depending  on  the  degree  of  deformation  and  the  type 
of  alloy)  to  250-400°  and  the  tool  is  heated  to  150-300°.  Because  of 
the  limited  number  of  slippage  planes  of  the  hexagonal  lattice  of  mag¬ 
nesium  and  the  low  speed  of  the  diffusion  processes  which  take  place  in 
the  magnesium,  the  plasticity  of  magnesium  and  its  alloys  to  a  consid¬ 
erable  degree  depends  on  the  deformation  rate.  Therefore,  pressure  work 
ing  (rolling  and  pressing)  of  the  majority  of  the  alloys  is  performed 
with  low  rates,  while  for  forging  and  stamping  use  is  made  of  hydraulic 
or  manual  presses  rather  than  hammers.  In  the  deformation  process  the 
base  plane  of  the  crystal  lattice  of  magnesium  and  its  alloys  is  locat¬ 
ed  at  a  small  angle  to  the  direction  of  deformation.  This  explains  the 
definite  orientation  of  the  crystal  structure  of  the  wrought  mill  prod¬ 
ucts  and  the  anisotropy  of  the  mechanical  properties.  The  degree  and 
nature  of  the  anisotropy  depend  on  the  temperature  and  the  technology 
of  the  production  of  the  mill  products.  The  table  presents  typical  var¬ 
iations  of  the  mechanical  properties  with  the  direction  of  cut  of  the 
specimens  with  respect  to  the  direction  of  deformation. 

Table  of  Comparative  Mechanical  Properties  Along  and  Across  the  Direct¬ 
ion  of  Deformation  of  Certain  Wrought  Magnesium  Alloys 
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1)  Alloy;  2)  form  of  mill  product;  3)  material  condition;  4)  (kg/mm'); 
5)  specimen  cut  direction:  6)  along;  7)  across;  8)  sheets  of  thickness: 
9)  annealed;  10)  VM  ;  11)  strip  of  section  34  x  455  mm  (extruded);  12) 
artificially  aged. 

In  the  use  of  the  wrought  mill  products  made  from  the  magnesium  al 
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loys  it  is  necessary  to  take  measures  to  protect  them  from  corrosion. 
Certain  of  the  high  strength  alloys  (MA3,  MA5  and  MA10)  have  a  tendency 
to  stress  corrosion  and  can  be  used  under  the  condition  of  limitation 
of  the  long-time  tensile  stresses  to  values  not  exceeding  50-60#  of  the 
values  of  their  tensile  yield  strength.  In  the  design  it  is  necessary 
to  provide  detail  shapes  such  that  water  cannot  remain  in  the  various 
cavities,  pockets  and  gaps.  In  connecting  details  made  from  the  magnes¬ 
ium  alloys  with  details  made  from  the  other  materials,  it  is  necessary 
to  take  account  of  the  possibility  of  contact  corrosion  (see  Corrosion 
of  the  Magnesium  Alloys,  Protection  of  the  Magnesium  Alloys). 

The  condition  (form  of  heat  treatment)  of  the  mill  products  made 
from  the  wrought  magnesium  alloys  is  designated  by  corresponding  codes. 
After  hot  working  the  mill  products  are  marked  with  the  alloy  type  with¬ 
out  additional  code;  those  delivered  in  the  heat  treated  conditon  are 
marked  with  the  type  of  alloy  and  an  additional  symbol  designating  the 
form  of  heat  treatment;  M  -  annealed:  H  --  strain  hardened  with  subse¬ 
quent  partial  anneal;  t4  -  solution  treated;  T1  -  artificially  aged; 

T6  -  solution  treated  plus  artificial  aging;  T8  -  solution  treated  plus 
cold  working  plus  artificial  aging. 

References:  Portnoy  K. I.,  Lebedev  A. A.,  Magniyevyye  Splavy  (Mag¬ 
nesium  Alloys),  Handbook,  M. ,  1952;  Deformiruyemost '  tsvetnykh  splavov 
(Deformability  of  Nonferrous  Alloys),  responsible  editor  S. I.  Gubkin, 

M. -L. ,  19^7;  Savitskiy  Ye.M. ,  Plasticheskive  svoystva  magniya  i  neko- 
torykh  yego  splavov  (Plastic  Properties  of  Magnesium  and  Certain  of  Its 
Alloys),  M. -L. ,  1941;  Mikheyeva  V.  I. ,  Splavy  magniya  s  alyuminiyem  i 
tsinkom  (Alloys  of  Magnesium  with  Aluminum  and  Zinc),  M.-L. ,  1946;  Mag¬ 
niyevyye  splavy  (Magnesium  Alloys),  coll,  of  articles,  M. ,  1950;  Afanas' 
yev  Ya.  Ye. ,  Sovremennyye  magniyevyye  splavy  (Modern  Magnesium  Alloys), 
in  coll.  Legkiye  splavy  (Light  Alloys),  M. ,  1958;  Drits  M.  Ye. ,  et  al. , 


4539 


II— K- 


Magnieyvyye  splavy  dlya  raboty  pri  povyshennykh  temperaturakh  (Magnes- 
ium  Alloys  for  Operation  at  High  Temperatures),  ibid;  Drits  M.  Ye. ,  Mag- 
niyevyye  splavy  i  perspektivy  ikh  ispol'-zcvaniya  v  narodnom  khczyay- 
stve  (Magnesium  Alloys  and  Prospects  for  Their  Application  in  the  Nat¬ 
ional  Economy),  M. ,  1959;  Lebedeva  T.  V. ,  Kovalev  I.G, ,  Yemel'yanova  0. 

V. ,  Deformiruyemyye  magniyevyye  splavy  s  redkozemel'nymi  me  call  ami 
(Wrought  Magnesium  Alloys  with  the  Rare-Earth  Elements)  in  coll.  Red- 
kiye  metally  1  splavy  (Rare  Metals  and  Alloys),  M. ,  i960;  Afanas'yev  Ya. 
Ye.,  Magniyevyye  splavy  s  redkimi  metallami  (Magnesium  Alloys  with  the 
Rare  Metals),  ibid;  Mikheyev  I.M. ,  Dolgov  V.  V. ,  Vliyaniye  redkozemel'- 
nykh  i  shchelochnozemel'nykh  metallov  na  mekhanieheskiye  svoystva  mag- 
niyevykh  splavov  sistem  magniy-marganets  i  magniy-marganets-tseriy  (Ef¬ 
fect  of  Rare-Earth  and  Alkaline -Earth  Metals  on  Mechanical  Properties 
of  Magnesium  Alloys  of  the  Mg-Mn  and  Mg-Mn-Ce  Systems),  ibid;  Kazakov 
A. A.,  Kovalev  I. G. ,  Kolpashnikov  A. I. ,  Zharoprochnyy  deform,  magn.  splav 
MA13  (High  Temperature  Wrought  Magnesium  Alloy  MA13),  TsM,  i960.  No  5; 
Mikheyev  I.M. ,  Smirnova  Ye.  I.,  Deformirovannyye  polufabrikaty  iz  mag- 
niyevogo  splava  MA10  (Wrought  Mill  Products  from  the  MA10  Magnesium  Al¬ 
loy),  ibid.  No  1,  I96I;  Svarka  tsvetnykh  metallov  i  splavov  (Welding  of 
Ncnferrous  Metals  and  Alloys),  coll,  of  articles,  M. ,  1961;  Ayzenkol'b 
F. ,  Poroshkovaya  metallurgiya  (Powder  Metallurgy),  transl.  from  Ger. , 

M. ,  1959;  Raynor  G.  V. ,  The  physical  metallurgy  of  magnesium  and  its 
alloys,  L. ,  1959* 


A. A.  Kazakov 
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WROUGHT  SCALE -RESISTANT  STAINLESS  STEEL  Is  steel  with  high  resis¬ 
tance  to  oxidation  at  high  temperatures  (700-1200°). 


Pig.  1.  Scale  resistance  of  chrome  and  chrome-nickel  steel  (heated  In 
air  atmosphere).  Curve  at  lower  right  is  for  Kh20N80T  alloy,  l)  Corro¬ 
sion  rate  from  weight  increase,  g/m2-hr;  2)  steel;  3)  temperature,  °C. 


TABLE  1 

Chemical  Composition  of  Wrought  Scale-Resistant 
Stainless  Steels 
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l)  Grade  per  GOST:  2)  plant  designation;  3)  element  content  (£);  4) 
other  elenents;  5)  lKhl8N9T;  6)  EYalT;  7)  Kh23Nl8;  8)  El4l7;  9)  Kh25N- 
25TR;  10)  Kh25N20S2;  ll)  Kh25Nl6G7AR;  12)  KhN38VT;  13)  EP126  (VZhlOO). 


The  resistance  of  the  wrought  scale -resistant  stainless  steels  to 
oxidation  Is  higher,  the  higher  the  chrome  and  silicon  content.  Nickel 
also  contributes  to  the  scale  resistance  (Pig.  l\  The  chemical  compo¬ 
sition  of  scale -resistant  chrome-nickel  steel  with  austenitic  and  aus- 
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teni tic-ferritic  structure  is  shown  in  Table  1 ,  and  the  mechanical 
properties  are  given  in  Table  2.  As  a  rule,  the  carbon  content  in  the 
wrought  scale -resistant  stainless  steels  does  not  exceed  0.2#.  The  car¬ 
bon  content  in  cast  steel  is  in  the  range  of  0.2-0. 5#*  After  an  austen¬ 
itic  quench,  the  wrought  scale-resistant  stainless  steels  have  moderate 
strength  and  high  plasticity;  the  higher  the  quenching  temperature,  the 
higher  the  plastic  properties  at  room  temperatures  and  the  lower  they 
TABLE  2 


Mechanical  Properties  and  Heat  Treatment  Regimes  for 
Wrought  Scale -Resistant  Stainless  Steels 
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l)  Steel  per  QOST;  2)  plant  designation;  3)  heat  treatment;  4)  (kg/ 

/mm2);  5)  (kgm/cm2);  6)  E  (kg/mm2);  7)  lKhl8N9T;  8)  EYalT;  9)  quench 

from  -  in  air  or  water;  10 )  Kh23Nl8;  11 )  El:  12)  Kh25N25TR;  13)  quench 
from  -,  hold  for  5-10  minutes,  air  cool;  14)  Kh25Nl6G7AR;  15)  quench 
from  -  in  air;  16)  KhN38VT;  17)  Kh25N20S2;  18)  EP126  (VZhlOO). 


are  at  high  temperatures.  Long-term  soak  of  the  wrought  scale -resistant 
stainless  steels  at  moderate  temperatures  may  alter  the  properties  de¬ 
termined  at  room  tempera tutres,  lowering  the  impact  strength  and  the 
plasticity  (Fig.  2).  Increase  of  the  carbon  content  in  the  type  25-20 
chrome-nickel  steel  Increases  its  tendency  to  dispersion  hardening  af¬ 
ter  quency  at  high  temperatures  and  subsequent  aging  at  moderate  tem¬ 
peratures.  These  changes  take  place  with  the  austenitic  structure  as  a 
result  of  formation  of  carbide  phases  and  the  hard  intermetallide  o- 
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phase,  and  with  the  austenitic -ferritic  structure  they  take  place  aa  a 
result  of  the  decomposition  of  the  austenite  or  ferrite  and  the  separa¬ 
tion  of  the  c-phase  in  the  5-ferrite. 


Pig.  2.  Effect  of  long-term  heating  during  aging  on  the  variation  of 
the  mechanical  properties  of  the  Kh23Nl8  alloy  after  eater  quency  from 

1180°.  1)  HB,  kg/nan2;  2)  afe,  kg/mm2;  3)  aR,  kgm/cm2;  4)  quenched  condi¬ 
tion;  5)  aging  duration,  hours. 


Pig.  3.  Scale -resistance  of  type  18-8  chrome-nickel  steel  with  tempera¬ 
ture  increase  in  an  air  atmosphere,  l)  Weight  Increase,  g/n.2-hr;  2) 
hours;  3)  temperature,  °C. 


The  type  18-8  chrome -nickel  steel  with  titanium  lKhl8N9T  has 
scale-resistance  to  850-900*  and  is  used  widely  in  the  fabrication  of 
exhaust  stacks  for  aircraft  engines,  detail  parts  for  furnace  equipment 
in  boiler  construction,  etc. ,  has  some  tendency  to  dispersion  harden¬ 
ing,  which  shows  up  after  long-term  heating  in  the  temperature  range 
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500-800°.  Prom  the  data  of  TsNIITMASh,  the  use  of  a  stabilizing  anneal 
at  700*  for  20  hours  somewhat  improves  the  stress -rupture  strength  at 
550*.  The  relative  elongation  after  teste  for  stress  rupture  and  plas¬ 
ticity  was  reduced,  but  after  a  15,000~hour  stress  rupture  test  it  re¬ 
mained  adequate  and  amounted  to  3-6#*  Aging  duration  to  5000  hours 
slightly  reduces  the  impact  strength  and  the  relative  elongation,  but 
the  yield  limit  is  somewhat  increased.  In  this  case  no  tendency  to  in- 
tercrystalllne  corrosion  was  observed.  Figure  3  shows  the  scale  resis¬ 
tance  of  the  steel. 
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Pig.  4.  Effect  of  grain  size  on  variation^of  strength  (a)  and  plastic! 
ty  (b)  of  the  Kh23Nl8  steel,  l)  a.  ,  kg /ram";  2)  fine  grain;  3)  coarse 
grain;  4)  temperature,  ”C.  b 


Pig.  5*  Variation  of  mechanical  properties  of  the  Kh25Nl607AR  steel 

p  O 

with  temperature  Increase.  1)  c100#  kg/mm  ;  2)  an#  kgm/cm  :  3)  an; 

4)  HB,  kg/ ram2;  5)  temperature,  *C. 


The  type  25-20  chrome -nickel  steel  (Kh23Nl8)  combines  adequately 
high  oxidation  resistance  at  high  temperatures  with  good  strength  at 
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high  temperature.  It  is  somewhat  more  difficult  to  weld  than  tiie  18-8 
type  chrome-nickel  steel.  The  high  temperature  strength  properties  of 
the  steel  depend  to  a  considerable  degree  on  the  grain  size  and  the 
heat  treatment  regime.  Coarse  grain  gives  the  steel  greater  strength 

TABLE  3 

* 

Strength  of  Weld  Joints  of 
Kh25Nl607AR  Steel 


l)  Temperature,  °C;  2)  spot  welding;  3}  seam  weldlng;JO  argon-arc 
welding;  5)  fracture  force  on  spot  (kg);  6)  (kg/ran'  ). 


Pig.  6.  Variation  of  mechanical  properties  of  KhN38VT  steel  (E3703) 
with  temperature  increase,  l)  ofe,  kg/mra2;  2;  KI;  3)  temperature,  *C. 


at  high  temperatures  and  lower  plasticity.  Long-term  heating  of  the 
steel  in  the  temperature  range  which  leads  to  the  formation  of  the  c- 
phase  reduces  the  plasticity  and  the  toughness  properties  somewhat, 
which,  however,  has  little  effect  on  the  operational  life.  Coarse 
grained  steel  containing  more  than  C.  051%  carbon  acquires  a  tendency  to 
intergranular  corrosion  after  heating  at  600-600*  and  decomposes  under 
the  action  of  highly  aggressive  media.  Heating  at  higher  teaperatures 
does  net  cause  this  phenomenon.  An  austenitic  quench  of  the  steel  fr  - 
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TABLE  4 

Strength  of  Welded  Joints 
of  KhN38VT  Steel  (sheet 
thickness  1.5  nan) 
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l)  Temperature,  °C;  2)  spot  welding;  3)  seam  welding,  4)  argon -arc 
welding;  5)  failure  load  on  spot  (kg);  6)  (kg/mra2). 


Pig.  7-  Variation  of  mechanical  properties  of  EP126  steel  with  tempera 

p 

ture  Increase,  l)  -  kg/mm  ;  2)  temperature,  °C. 
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Pig.  8.  Variation  of  physical  properties  of  wrought  scale-resistant 
stainless  steel  with  temperature  increase,  l)  -  cal/cm-sec-°C;  2)  El; 
3)  lKhl8N9T;  4)  EP;  5)  Kh23Nl8  (EI417);  6)  test  temperature,  *C. 
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high  temperatures  (1175°)  gives  the  25-20  steel  greater  tensile 
strength  and  greater  resistance  to  stress -rupture  failure  at  600-1000*, 
than  after  normalization  or  quenching  from  900-1000°,  but  reduces  its 
plasticity.  The  effect  of  grain  size  on  the  variation  of  the  mechanical 
properties  of  the  Kh23Nl8  steel  is  shown  in  Pig,  4. 

The  type  25-20  fine-grained  chrome -nickel  steel  has  better  resis¬ 
tance  for  operation  under  conditions  of  the  action  of  high  heat  trans¬ 
fer  (gas  turbine  nozzle  vanes)  than  coarse-grained  steel.  The  type  25- 
20  chrome-nickel  steel  with  high  silicon  content  Kh25N20S2  has  better 
resistance  to  oxidation  at  high  temperatures,  and  particularly  in  an 
atmosphere  of  the  products  of  combustion  cf  a  fuel  with  high  sulfur 
content,  than  steel  without  silicon.  In  reducing  media  this  steel  is 
more  resistant  to  carburizing  in  comparison  with  the  usual  chrome-nick¬ 
el  steel. 

Hov;ever,  the  addition  of  silicon  increases  the  tendency  to  forma¬ 
tion  of  the  cr-phase  during  long-term  heating,  which  somewhat  reduces 
the  steel  plasticity.  Reheating  to  the  a-phase  solution  temperature  e- 
llminates  this  brittleness.  The  type  25-20  chrome-nickel  steel  with 
1.8#  silicon  has  higher  strength  at  high  temperatures  and  is  used  a- 
broad  widely  for  fabricating  furnace  equipment,  and  also  for  detail 
parts  of  gas  turbines  (combustion  flame  tubes,  nozzle  tail  cones). 

The  Kh20Nl4S2  (EN211)  chrome -nickel  steel  has  high  resistance  to 
gaseous  corrosion  in  furnace  gases  and  is  used  to  fabricate  detail 
parts  for  furnace  equipment.  With  regard  to  strength  properties  at  high 
temperatures,  it  is  close  to  the  type  18-8  steels,  but  has  lower  plas¬ 
ticity. 

The  Kh25Nl6Q7AR  (EI835)  chrome -ni eke 1-manganese  steel  with  nitro¬ 
gen  has  high  strength  at  high  temperature  and  high  scale  resistance  in 
comprsison  with  the  type  18-8  chrome -nickel  steel  with  Ti  and  Nb  and  is 
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recommended  for  use  as  sheet  material.  The  variation  of  the  mechanical 
properties  with  temperature  increase  is  shown  in  Pig.  5. 

Extended  heating  at  6OO-8500  for  100  hours  does  not  cause  varia¬ 
tions  of  the  strength  characteristics,  but  has  some  effect  in  reducing 
the  plasticity.  In  comparison  with  the  initial  condition  (quench  from 
1150*  into  water),  in  which  the  material  has  good  plastic  properties  6 
and  *  and  8-10  bending  cycles,  the  material  aged  at  650-85^°  hzz 
less  plasticity  (6  and  V'  are  reduced  to  35-40#,  and  the  number  of  bend 
cycles  to  2-3).  This  steel  deforms  well  in  cold  pressure  working,  is  a- 
menable  to  spot,  seam,  and  argon-arc  welding.  The  strength  of  the  weld 
joints  made  using  spot,  seam,  and  argon -arc  welding  is  shown  in  Table 
3.  The  steel  acquires  a  tendency  to  intercrystalline  corrosion  after 
heating  in  the  critical  temperature  range  (500-750°).  Therefore  Its  use 
for  equipment  operating  in  strongly  aggressive  madia  must  be  monitored 
for  inter crystalline  corrosion  in  the  weld  Joints  by  means  of  testing 
using  the  AM  method  (GOST  6032-58).  The  KhN38VT  (SI703)  chrome -nickel 
steel  has  high  strength  at  high  temperature  as  a  result  of  the  addition 
of  tungsten  and  titanium  of  niobium.  In  the  austenitic  -quench  condition 
the  steel  has  good  formability.  The  variation  of  the  mechanical  proper¬ 
ties  cf  the  steel  with  change  of  temperature  is  shown  in  Pig.  6.  The 
steel  welds  well  using  argon-arc,  arc  and  resistance  (spot  and  seam) 
welding. 

The  EP126  (VZhlOO)  steel  which  contains,  in  addition  to  20#  Cr  and 
25#  Ni,  the  high-melting  elements  (5#  W,  3#  Mo),  has  high  strength  a1- 
temperatures  above  800°  (Fig.  7)«  This  steel  is  amenable  to  daep  draw¬ 
ing,  welds  well  using  argon-arc,  spot  and  seal  welding.  It  is  recom¬ 
mended  for  fabricating  structural  elements  operating  at  700-1000°.  xts 
resistance  to  short-term  (up  to  1  hour)  creep  may  be  improved  by  strain 
hardening. 
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With  respect  to  its  characteristics,  the  chrome-nickel  scale-re- 
l  sistant  steel  in  many  cases  is  not  inferior  to  the  nichrome  alloys  EC- 
435  and  EI602  which  are  widely  used  as  high -temperature,  high-strength 
materials  for  gas  turbine  engines.  The  variation  of  the  physical  prop¬ 
erties  of  the  wrought  scale-resistant  stainless  steels  with  temperature 
1 s  shown  in  Pig.  8. 

References:  Khimushin,  P.P. ,  Zharoprochnyye  gazoturbinnyye  stall  1 
splavy  [High -Temperature  Gas  Turbine  Steels  and  Alloys]  in  book:  Sov- 
remennyye  splavy  i  lkh  termicheskaya  obrabotka  [Modern  Alloys  and  Their 
Heat  Treatment],  Moscow,  1958;  Liberman,  L.Ya.  and  Peysikhis,  M.I., 

Spravochnik  po  svoystvam  staley,  primenyayemykh  v  kotloturbostroyenli 
[Handbook  on  Properties  of  Steels  Used  in  Boiler  and  Turbine  Construc¬ 
tion],  2nd  edition,  Moscow -Leningrad,  1958;  Spravochnik  po  mashino- 
stroltel'nym  materialam  [Handbook  on  Machine  Construction  Materials], 

Vol.  1,  Moscow,  1959;  Khimushin,  P.F. ,  Nerzhaveyushchiye  stali  [Stain¬ 
less  Steels],  Moscow,  1963;  Pedortsov-Lutikov,  Q. P. ,  et  al. ,  in  book: 

Voprcsy  metallovedeniya  kotloturbinnykh  materlalov  [Questions  of  Metal 
Science  of  Boiler  and  Turbine  Materials],  Moscow,  1955  (TsNIITMASh, 

Book  7);  Clark,  C.L. ,  High-Temperature  Alloys,  N.Y. ,  1953;  Symposium  on 
the  Nature,  Occurrence  and  Effects  of  Sigma  Phase,  Phil.  ,  1951  (ASTM. 

Special  Technical  Publ. ,  No.  110);  Freeman,  J.  W. ,  Comstock,  G.F.  and 
White,  A. E. ,  "Trans.  ASME,"  1952,  Vol.  74,  No.  5,  page  793- 

P.F.  Khimushin 
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XEROGRAPHIC  X-RAY  AND  GAMMA  DEFECTOSCOPY  is  the  method  of  x-ray 
and  gamma  radioscopy  which  provides  for  recording  of  the  x-ray  and  gam¬ 
ma-ray  images  on  a  layer  of  photoconductor  to  which  there  is  communicat¬ 
ed  an  electrostatic  charge.  Most  often  the  photoconductor  is  a  thin 
layer  of  selenium  (50-200  microns)  applied  on  an  aluminum  substrate  of 
thickness  0.8-1. 0  mm.  The  xerographic  plate  thus  obtained  has  sensiti¬ 
vity  to  visible  light,  x-rays  and  gamma  rays.  The  complete  cycle  for 
obtaining  the  images  consists  of  the  following  operations:  communica¬ 
tion  of  the  electrostatic  charge  to  the  plate,  exposure,  development  of 
the  latent  electrostatic  image.  To  communicate  the  electrostatic  charge, 
the  xerographic  plate,  mounted  in  a  holder  (sensitive  layer  turned  to¬ 
ward  the  top  of  the  holder)  is  placed  in  the  field  of  a  corona  dis¬ 
charge  (10-15  kv).  The  charging  duration  is  1-10  seconds.  The  charge  is 
retained  in  the  closed  holder  for  a  period  of  1-5  hours.  During  expos¬ 
ure  the  details  to  be  examined  are  placed  on  the  plate  which  is  in  the 
closed  holder.  When  using  Co^°  gamma  rays  the  exposure  time  is  about 
the  same  as  that  needed  with  the  use  of  x-ray  film,  and  when  using  x- 
rays  for  the  illumination  the  exposure  time  is  less  by  a  factor  of  2-6 
times  than  for  x-ray  film.  During  irradiation  of  the  details  the  sur¬ 
face  charge  of  individual  portions  of  the  sensitive  layer  changes  its 
magnitude  as  a  function  of  the  intensity  of  the  radiation  passed,  which 
in  turn  depends  on  the  thickness  of  the  details  and  the  presence  of  de¬ 
fects  in  them.  As  a  result  of  the  exposure  there  appears  on  the  surface 
of  the  sensitive  layer  the  so-called  latent  electrostatic  image.  The 
development  of  the  latent  electrostatic  image  is  accomplished  without 
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access  to  light  by  means  of  sprinkling  extremely  fine  powder  on  the 
~)  sensitive  layer  of  the  plate  located  in  the  holder.  During  this  dusting 
the  powder  particles  are  charged  either  by  a  separate  generator  or  as 
the  result  of  the  use  of  the  triboelectric  effect.  The  development¬ 
dusting  process  requires  10-15  seconds,  after  which  the  plate  can  be 
removed  from  the  holder  for  Inspection  and  analysis  of  the  pattern.  Af¬ 
ter  inspection  of  the  picture  the  image  formed  by  the  powder  is  erased 
using  a  soft  cloth  and  the  plate  can  be  reused  (up  to  600  times).  For 
retention  of  the  image  use  is  made  of  either  photography  of  the  plate 
or,  if  the  powder  is  made  from  a  low-melting  resin,  the  image  can  be 
transferred  to  white  paper  and  fixed  by  heating.  The  entire  process  of 
transfer  and  fixing  of  the  image  requires  20-30  seconds. 

The  advantages  of  xerographic  x-ray  and  gamma -ray  defectoscopy  are: 
small  time  interval  (up  to  1  min)  between  termination  of  exposure  and 
obtaining  the  image;  low  cost  of  the  materials  used  (cost  of  a  single 
plate  is  about  25  times  less  than  the  cost  of  the  film  for  an  equiva¬ 
lent  number  of  exposures);  possibility  of  multiple  usage  of  the  plate; 
shorter  exposure  duration  with  defect  detectability  equal  to  that  of 
x-ray  film;  no  requirement  for  special  dark  room,  use  of  water  and 
chemicals. 

The  deficiencies  of  the  xerographic  x-ray  and  gamma-ray  defecto¬ 
scopy  are:  complex  technology  for  preparation  of  the  xerographic  plates; 
weak  mechanical  strength  of  the  sensitive  layer  which  prohibits  bending 
of  the  plate;  gradual  alteration  of  the  plate  properties  with  storage 
as  a  result  of  conversion  of  the  amorphous  salenium  into  the  crystal¬ 
line  state. 

References:  Komishin  K.I.,  Keerografioheskiy  metod  poluchenlya 
lzobrazhenly  prl  rentgenovskoy  defektoskopll  [Xerographic  Method  of  Ob¬ 
taining  Images  in  X-Ray  Defectoscopy],  M. ,  1959;  Dyuran  R.L. ,  Industri- 
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al  Xerography ,  in  book:  Industrial  Radiography,  transl.  from  Eng.,  M. , 

I960. 

K.I.  Kornishin 
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X-RAY  DEFECTOSCOPY  -  checking  of  components  and  materials  with 
the  aid  of  x-rays.  The  x-ray  image  can  be  detected  and  recorded  by 
various  x-ray-recording  devices  focused  on  the  object  to  be  fluoro- 
scoped.  In  the  simple  diagram  of  fluoroscopy  given  below  (Fig.  l)  the 
outline  of  the  x-ray  image,  which  is  not  visible  to  the  eye,  Is  shown 
by  cross-hatching.  The  x-ray  source  can  be  an  x-ray  apparatus  or  Beta¬ 
tron,  which  consists  of  an  x-ray  or  betatron  tube.  Its  power  supply, 
and  a  control  unit.  X-rays  are  high-frequency  electromagnetic  oscilla¬ 
tions  produced  in  an  x-ray  tube  or  betatron  on  the  sudden  retardation 
of  high-speed  electrons  at  the  anode  (target).  In  an  x-ray  tube  the 
electrons  are  accelerated  by  the  linear  electrostatic  field  between 
the  cathode  and  the  anode,  while.  In  a  betatron  tube  they  are  accelera¬ 
ted  by  the  vortical  electric  field  set  up  by  the  alternating  magnetic 
flux. 


Fig.  1.  Diagram  of  fluoroscopy  of  an  object:  1)  X-ray  source;  2)  work¬ 
ing  x-ray  beam;  3)  object  to  be  fluoroscooed ;  4)  internal  defect;  5) 
x-ray  image  of  object  (not  visible  to  eye) ;  6)  x-ray  recording  system. 

It  is  best  to  use  soft  (long-wave)  x-rays  for  checking  plastics 
and  light  alloys.  This  is  done  with  tubes  having  a  beryllium  window, 
which  readily  passes  the  soft  components  of  the  retarded-radiation 
spectrum.  Pulse  tubes  are  used  in  investigating  rapid  processes,  as  in 
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recording  a  bullet  in  flight  or  shrapnel  from  an  exploding  shell.  Such 
tubes  reduce  the  exposure  time  to  the  order  of  a  jisec.  High-voltage 
sectional  x-ray  tubes  or  betatrons  are  used  for  fluoroscoping  thick- 
walled  components  of  steel  and  other  heavy  alloys.  Soviet  sectional 
tubes  are  rated  at  400  kv,  while  equ  valent  American  tubes  are  rated 
at  100  and  200  kv. 


Fig.  2.  HUP-200-5-1  apparatus:  l)  Portable  rack;  2)  box  for  accessor¬ 
ies;  3)  control  panel;  4)  transformer  unit  and  x-ray  tube. 


Fig.  3*  Control  panel  (with  lid  open);  l)  Red  Indicator  light;  2)  15- 
mln  time  relay;  3)  green  indicator  light;  4)  milliameter;  5)  control 
knob  for  tube  plate  current;  6)  circuit  switch;  7)  protective  cover; 

8)  high-voltage  control  'mob;  9)  ruled  chart;  10)  upper  control  panel; 
11,12)  "start"  and  "stop"  buttons;  13)  line  switch;  14)  voltmeter. 


Fig.  4.  Diagram  of  electro-ODtic  «verter  and  its  power  supply:  RT) 
x-ray  tube;  D)  diaphragm;  PO)  object  vo  be  fluoroscoped;  VT)  solid- 
state  rectifier;  LV)  rectifier  tube;  LS)  indicator  light;  ST)  vacuum 
tube;  TA)  plate  transformer;  M)  monocular;  TN)  filament  transformer. 
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l)  Glass  bulb;  2)  aluminum  plate;  3)  fluorescent  screen;  4)  photocath- 
ode;  5)  electrically  conductive  layer;  6)  plate  (aluminum  cone);  7) 

*  *  fluorescent  output  screen,  a)  RT;  b)  D;  c)  PO;  d)  ET;  e)  kv;  f)  v; 
g)  TN;  h)  LV;  1)  VT;  j)  L S. 

X-ray  devices  are  rated  for  different  plate  voltages  and  each  la 
consequently  suitable  for  a  definite  range  of  thicknesses  and  a  certain 
material;  for  example,  the  RUP-200-5-1  apparatus  Is  suitable  principal¬ 
ly  for  checKlng  steel  components  under  laboratory,  shop,  and  field 
conditions  (Pigs.  2  and  3).  The  optimum  fluoroscopy  regimes  for  these 
devices  are  given  by  the  exposure  charts,  which  are  determined  experi¬ 
mentally.  The  betatron  is  used  for  checking  very  thick  components  (e. 
g. ,  steel  more  than  100  mm  thick). 

There  are  four  methods  of  recording  x-rays  suitable  for  defectos¬ 
copy:  phc^siaphic  (using  a  photographic  emulsion),  fluoroscopic  or 
visual  (using  a  fluorescent  screen,  electrooptical  converter,  scintil¬ 
lating  monocrystals,  etc.),  xerographic  or  electrographic  (using  a 
charged  semiconductor  layer  with  a  conductive  underlayer),  and  Ioniza¬ 
tion  (using  an  ionization  chamber,  Geiger-Muller  counter,  or  scintilla¬ 
tion  counter).  The  first  three  methods  make  it  possible  to  obtain  a 
visible  Image  of  the  object  in  the  recorder  plane;  the  ionization  meth¬ 
od  records  the  rays  in  a  certain  volume  of  space,  giving  no  visible 
image.  The  most  common  industrial  technique  is  the  photographic  method, 
which  is  based  on  the  ability  of  x-rays  to  produce  a  physicochemical 
reaction  in  silver  bromide,  so  that  a  latent  image  of  the  contours  of 
the  object  and  the  defects  in  it  is  fomed  in  the  emulsion  layer  of 
the  photographic  film.  Development  makes  the  latent  image  visible  and, 
after  the  film  has  been  fixed,  the  picture  (roentgenogram)  can  be  exam¬ 
ined  in  transmitted  light  with  a  viewer. 

The  fluoroscopic  method  ' c  based  on  the  ability  of  certain  sub- 
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stances  (cadmium,  zinc,  and  tungsten  salts,  monocrystals  of  cesium 
lodate,  calcium,  and  sodium,  etc. )  to  fluoresce  under  the  action  of 
x-rays.  The  brightness  of  the  light  emitted  by  these  substances  Is 
proportional  to  the  intensity  of  the  x-rays  acting  on  them.  As  a  re¬ 
sult  of  this  property,  an  invisible  x-ray  image  can  be  made  visible 
by  a  screen  manufactured  from  such  substances.  The  fluoroscopic  method 
is  less  sensitive  with  respect  to  detection  of  defects,  but  is  more 
efficient  than  the  photographic  method.  The  low  sensitivity  of  this 
technique  results  from  an  Imperfection  of  the  human  eye,  which  begins 
to  perceive  the  light  emitted  by  the  screen  only  when  it  reaches  a 
definite  brightness;  the  eye  is  capable  of  distinguishing  two  adjacent 
fields  on  the  luminescing  screen  only  if  their  brightness  ratio  is  no 
less  than  1.15.  In  addition,  the  fluoroscent  screen  Itself  (if  it  con¬ 
sists  of  polycrystals  of  thefluorescent  substance)  has  a  granularity 
that  limits  its  resolving  power. 

The  brightness  of  an  x-ray  screen  is  quite  restricted,  usually 
not  exceeding  1-2  apostilbs.  An  image  hundreds  of  times  as  bright  is 
furnished  by  the  electrooptical  converter  (EOP),  i.e.,  an  electron- 
beam  tube  in  which  the  x-ray  image  of  the  object  is  subjected  to  four¬ 
fold  conversion:  into  light  on  the  fluorescent  input  screen,  into  an 
electronic  image  on  the  photocathode,  into  an  accelerated  electronic 
linage  on  the  plate,  and  again  into  light  (of  greater  brightness)  on 
the  output  screen  of  the  EOP.  The  high  brightness  of  the  output  screen 
of  the  EOP  permits  its  use  for  x-ray  checking  of  thicker  components 
than  la  possible  with  an  ordinary  fluorescent  screen,  giving  better 
visibility  of  certain  defects  at  lower  radiation-sou roe  powers.  The 
principal  drawback  of  the  EOP  is  its  low  resolving  power  (2-3  mln/mm, 
as  against  an  average  of  60-70  mln/mr.  for  x-ray  films).  "This  limits  its 
usefulness  in  the  x-ray  inspection  of  critical  welded  components,  since 
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fine  cracks,  unfused  areas,  and  small  pores  cannot  be  detected  with 
the  EOP;  this  device  is  used  principally  for  x-ray  defectoscopy  of 
castings.  Figure  4  is  a  diagram  of  the  EOP  and  its  power  supply  and 
shows  the  positioning  of  the  apparatus  for  fluoroscopy  of  an  object. 

The  ionization  method  is  ubed  principally  for  defectoscopy  of  products 
with  plain-parallel  surfaces  and  for  checking  deviations  in  the  thick¬ 
ness  of  materials  (see  Ionization  method  for  x-ray  and  gamma-defectos¬ 
copy).  Other  techniques  for  detecting  defects  are  being  perfected  (see 
Xerographic  x-ray  and  gamma-defectoscopy).  Defects  detected  fluoroscop- 
ically  are  classified  according  to  character,  size,  number,  and  loca¬ 
tion  in  the  product.  The  permissibility  of  given  defects  in  the  product 
is  determined  by  its  technical  specifications,  comparing  the  article 
under  Inspection  with  a  standard  article  (see  Defects  in  metals). 

References:  Nazarov,  S.T. ,  Kontrol ' kachestva  svamykh  soyedlneniy 
[Checking  the  Quality  of  Welded  -Toints),  Moscow,  1950;  Defektoskoplya 
metallov  [Defectoscopy  of  Metals),  Collection  of  articles,  Moscow, 

1959;  Prlborostroyeniya  i  sredstva  avtomatizatsii  kontrolya  [Instru¬ 
ment  Building  and  Methods  of  Automating  Qualit-v  Control),  Collection 
of  articles,  Vol.  1,  Moscow,  1961;  Trapeznikov,  A.K. ,  Chemobrovov, 

S.V. ,  Radlograglrovanlye  prl  pocnoshchi  vtorichnoy  radlatsli,  vozbuzh- 
dennoy  gamma- luchaml  [Radiography  with  the  Aid  of  Secondary  Radiation 
Excited  by  Qamma-Rays],  ZL,  1953»  Vol.  19,  No.  9;  Trapeznikov,  A.K. , 
Rentgenodefektoakoplya  [X-ray  Defectoscopy),  Moscow, 1948;  Kharadzha, 
F.N. ,  0b8hchly  kura  rentgenotekhnikl  (General  Course  in  X-Ray  Engin¬ 
eering),  2hd  Edition,  Hoacow-Lenlngrad,  1956;  Shmelev,  V.K. ,  Rentgen- 
ovaklye  apparatury  [X-Ray  Apparatus).  3rd  Editicn,  Moscow-Leningrad, 
1957. 

S.V.  Chemobrovov 
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YIELD  POINT  -  a  sharp  (sudden)  transition  from  elastic  into  plastic 
deformation  expressed  on  the  load-extension  diagram  (and  sometimes  of 
torsion  and  even  compression  diagrams)  of  low-carbon  steels,  certain 
brasses,  bronzes,  light  alloys,  etc. ,  as  a  rapid  fall  of  the  stress  or 
as  a  yield  plateau  (i.e.,  retention  of  a  constant  load  along  a  given 
section  of  the  diagram).  The  yield  point  is  characteristic  also  for 
certain  plastics  and  nonmetallic  crystals.  The  causes  for  the  yield 
point  are  examined  by  the  theory  of  dislocations. 

Ya.  B.  Fridman 
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YIELD  TEMPERATURE  Tf  -  characterizes  the  transition  of  linear 
polymers  from  the  hyperelastic  state  to  the  viscous  flow  state  under 
small  stresses.  Starting  with  a  temperature  T^  the  lower,  the  smaller 
the  specific  gravity,  linear  polymers  begin  to  yield.  The  yield  temper¬ 
ature  is  arbitrary,  since  it  depends  on  the  methods  and  conditions  of 
its  determination.  For  low-molecular  amorphic  substances  T^,  practically 
coincides  with  the  vitraification  temperature  Tg. 

G.M.  Bartenev 
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YOUNG’S  MODULUS  —  see  Modulus  of  Elasticity. 
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ZEFRAN  -  is  a  synthetic  fiber  from  a  mixture  of  polyacrylonitrile 
with  modified  polyacrylonitrile  or  with  a  copolymer  of  acrylonitrile 
and  vinyl  acetate  with  a  low  quantity  (14#  by  weight)  of  the  graft  poly¬ 
vinyl  -  pyrrolidone  copolymer.  The  physicochemical  and  mechanical  pro¬ 
perties  of  zefran  are:  white  color;  inflammable;  specific  gravity  1.19; 
moisture  content  at  standard  conditions  2.5&  rising  to  4.7#  at  a 
relative  moisture  of  95#;  softening  temperature  254°;  2#  shrinkage  in 
boiling  water  within  10  hrs;  almost  no  difference  to  the  fiber  from 
not-modified  polyacrylonitrile  with  regard  to  the  resistance  to  light 
and  weather,  to  chemical  reagents  and  solvents;  high  elasticity,  re¬ 
sistance  to  wear,  increased  hydrophilic  nature  and  lowered  electrifia- 
bleness  (in  textile  treatment)  than  other  polyacryl  fibers,  good 
colorability  (the  color  being  stable  to  light  and  washing)  by  vat, 
anthraquinone,  sulfur  and  naphthol  dyes.  The  breaking  length  of  zefran 
is  32. 5  km  in  a  dry  state,  27. 9  km  in  a  wet  state,  and  12. 6  km  in  a 
loop;  the  breaking  elongation  is  33#;  the  initial  modulus  of  elasticity 
is  396  kg/mm  (at  a  breaking  length  of  30. 6  km  and  a  30#  elongation). 
Zefran  is  used  in  pure  state  and  mixed  with  viscose  rayon  staple  fiber 
or  wool  mainly  for  consumer  goods  which  must  be  stable  in  shape  and 
fashion,  not-c rushing  and  not-felting. 

L.M.  Musichenko- Vasil' yeva 
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ZINCITE  -  is  zinc  oxide  (ZnO).  The  chemical  composition  of  an 
ideally  pure  zincite  is  80.3#  Zn;  19*7#  0;  the  impurities  are:  0.01# 
FeO;  0.27#  MnO,  and  0.08#  SiOg*  The  color  is  pale  yellow,  orange-yellow 
or  dark  brown.  The  cleavability  along  the  (1010}  is  mediocre.  The  spe¬ 
cific  gravity  is  5.66. 

The  mineral  crystallizes  in  the  hexagonal  system.  The  crystal  is 
optically  biaxial,  and  positive.  Zincite  has  the  following  refraction 
indices  in  the  range  of  wavelengths  from  405  to  671  millimicrons  (see 
Table). 


nomMTejm 
npeaciuMtaii  2. 

2  Omhi  kmihm  (mmk) 

|  tOS  |  436 

460  462 

|  467 

546 

1  576 

686 

610 

|  871 

N. . 

. 

2.236  1  2,137 
2.48  j  2,151 

2,067 

2,116 

2,084 

2,081 

2,056 

2,076 

2.076 

2,041 

12. 01> 
2.028 

2,006 

2.024 

2,001 

2,017 

1,684 

J-  2,001 

1)  Refraction  indices;  2)  wavelength  (millimicrons). 

The  specific  electric  resistance  of  the  natural  zincite  crystal 

is  28  ohm*cm,  that  of  a  synthetic  zincite  is  10^  at  20®,  22  at  650°  , 

and  0.4  ohm«cm  at  650®  in  a  hydrogen  atmosphere.  The  electrical  resis- 

tance  of  the  powder  is  10  '  ohm*cm.  The  electrical  conductivity  of  the 

-4  -1  -1 

pressed  powder  varies  between  10  and  10  ohm  »cm  depending  on  the 
extent  of  the  crystallization  of  the  aggregate.  The  electrical  conduc¬ 
tivity  of  the  powder  in  a  vacuum  (10“^  mm  mercury  column)  changes  from 

10-5  ^  ohm-1 •cm”1,  respectively,  in  the  temperature  range  from  —183° 

-4  -1  2 

to  300°.  The  surface  conductivity  (at  25°)  is  1.5*10  ohm  *cm  .  The 
dielectric  constant  is  as  follows:  10.4  at  0.1-10  Mcps,  and  9*8  at  25 
Mcps  for  a  fine-disperse  powder  (0.085-0.845  microns),  and  40  in  the 
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frequency  Interval  0.1-10  Mcps  for  acicular  crystals.  The  zincite  sin¬ 
gle-crystal  possesses  poor  piezoelectric,  detector,  and  photoelectric 
properties.  The  latter  appear  in  both  constant  and  pulse  illumination, 
increasing  with  rising  temperature  and  rising  disperaity  of  the  sub¬ 
stance.  A  bright-green  luminescence  appears  under  illumination  by  a 
light  of  the  wavelength  of  365  millimicrons.  The  melting  point  of  the 
synthetic  zincite  is  1975  *  25° •  The  specific  heat  (Cpj  joules/g)  is 
0.48  at  0°;  0.58  at  200°,  0.615  at  400°,  0.66  at  800°,  and  O.69  ac 
1200°.  The  heat  conductivity  (cal/cm»sec»°C)  is  0.0409  at  200° ;  0.0268 
at  400°;  0.0167  at  600°,  and  0.01305  at  800°.  Considerably  large  zin¬ 
cite  segregations  are  rare  in  nature.  Therefore,  synthetic  zincite  ob¬ 
tained  from  zinc  and  a  number  of  its  salts  are  used  almost  exclusively 
in  industry. 

The  application  of  zincite  in  semiconductor  engineering  (as  a  pow¬ 
derlike  semiconductor)  is  of  the  greatest  interest.  Mixed  with  Ti0„ 

( 10-25$) ,  it  is  used  in  the  manufacture  of  nonlinear  resistors  (10  - 
10^  ohm»cm),  high-  and  low-resistance  nonlinear  elements.  A  single-min¬ 
eral  zincite  aggregate  in  the  form  of  a  powder  pressed  at  250  atm  and 
fired  at  1000-1500°  is  used  as  a  detector.  The  luminescent  properties 
of  the  zincite  may  be  utilized  for  the  manufacture  of  crystal  phosphors 
used  to  detect  and  to  measure  radioactive  radiation,  and  also  for  the 
manufacture  of  the  screens  of  electron-ray  devices.  Zincite  is  used 
in  electrical  engineering  in  the  manufacture  of  electric  contacts;  in 
the  chemical  industry  as  a  catalyst  for  the  synthesis  of  acetone,  and 
in  the  separation  of  low-boiling  aromatic  hydrocarbons  from  the  petrol¬ 
eum;  in  the  rubber  industry  it  is  used  in  the  vulcanization  of  diverse 
rubber  types  to  intensify  the  process  and  to  increase  the  stability  of 
the  objects;  in  the  paint  and  varnish  industry,  as  a  prime  coat  for 
steel  or  wood  and  in  the  preparation  of  special  paints.  Zincite  is  also 
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a  component  of  certain  heatproof  paints.  Insecticides  are  prepared  from 
a  mixture  of  zincite  and  arsenic.  Zincite  Is  used  also  for  the  prepar¬ 
ation  of  adhesive  plasters ,  adhesive  tapes  and  zinc  ointments.  Only 
chemically  pure  zincite  Is  used  In  the  radio  engineering,  pharmaceuti¬ 
cal  and  chemical  Industries. 

References :  Betekhtln,  A.O. ,  Kurs  mlneralogll  [Course  of  Mineral¬ 
ogy]#  3rd  Edition,  Moscow,  1961;  Valeyev,  Kh.S.,  Mashkovich,  M.D. ,  In 
the  hook:  Primenenlye  poluprovodnikov  v  elektrotekhnlke  [Application 
of  Semiconductors  In  Electrical-Engineering],  Leningrad,  1958;  Birch, 

P. ,  Sherer,  D.  and  Spicer,  G. ,  Spravochnik  dlya  geologov  po  f lzlches- 
klm  konstantam  [Manual  of  Physical  Constants  for  Geologists],  transla¬ 
ted  from  English,  Moscow,  19^Sj  Jlro  Vamaguchi,  Masataro  Nlshlmura, 
"Technol.  Reports  Osaka  University,"  1955#  Vol.  5,  No.  169. 


ZIRCON  -  Is  a  mineral,  zirconium  orthosilicate,  ZrSio^;  it  con¬ 
tains  67.7#  ZrO  (49-5#  Zr),  and  32.9#  SiO^.  Hafnium  (up  to  l6#  Hf02) 
is  always,  yttrium,  cerium,  thorium,  and  uranium  are  frequently,  and 
niobium,  tantalum  and  phosphorus  are  sometimes  present  as  impurities. 
The  mineral  crystallizes  in  the  tegragonal  system  and  occurs  generally 
in  the  form  of  well  developed  crystals.  The  cleavability  is  incomplete. 
The  structure  of  the  zircon  is  of  the  insular  type:  the  (SiO^)^"  tetra¬ 
hedrons  are  insulated  from  each  other  and  bound  in  the  lattice  by  the 
4+  n 

Zr  ions  which  are  surrounded  by  0  oxygen  ions.  The  mineral  is  color¬ 
less,  but  frequently  stained  yellow,  orange,  or  brown,  more  rarely 
green.  The  luster  is  adamantine.  The  specific  gravity  is  4. 2-4. 7*  The 
Mohs  hardness  is  7*5*  The  refraction  indices  are:  NQ  =  1.92-1. 96,  = 

=  1.96-2.02.  The  mineral  luminesces  lemon-yellow  in  cathode  rays,  green 
in  x-rays,  and  orange  in  ultraviolet  rays.  Zircon  resists  acids  (ex¬ 
cluding  hydrofluoric  acid),  borosilicates,  metaphosphates,  NagSO^,  the 
fusing  agent  NaCl  +  ZnCl2,  and  it  is  not  wettable  by  most  of 

the  molten  metals.  Molten  f?uorides,  cryolites,  Na^P20^,  BaCl2,  lead 
bronze  (2#  Pb),  metal  oxides,  and  all  strongly  basic  substances  have  a 
destructive  effect.  The  melting  point  is  2200-2500*.  The  thermal  expan¬ 
sion  coefficient  of  the  zircon  is  4.5»10“^j  it  is  smaller  than  that  of 
the  Mulllte  (5. 4 •10”^).  The  heat  conductivity  of  a  polycrystalline  ag¬ 
gregate  of  synthetic  zircon  (5  microns  great  particles)  is  0.011  at 
(200*;  0.010  at  400* j  0.0090  at  600°;  O.OO83  at  800*;  0.0079  at  1000* ; 
*0.0076  at  1200°,  and  0.00?4  cal/sec«cm**C  at  1400*.  The  specific  heat 
is  0.6l  joules/g  at  60c.  The  mineral  is  a  dielectric.  The  appliance  of 
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zircon  bases  on  Its  refractoriness ,  the  chemical  stability ,  and  the 
physical  properties:  a  high  specific  gravity,  dielectric  properties, 
low  thermal  expansion  coefficient,  non-wettability  by  molten  metals, 
low  heat  conductivity,  etc.  Zircon  Is  used  In  engineering  in  the  manu¬ 
facture  of  refractories  (refractory  bricks  and  cement)  resistant  to 
thermal  shocks,  abrasion  and  acid  blast-furnace  slags.  Zircon  refrac¬ 
tories  are  used  In  glass-melting  furnaces.  In  aluminum  electrometallur¬ 
gy,  In  the  rammed  lining  of  steel-casting  ladles.  In  furnaces  producing 
calcium  phosphate.  In  the  smelting  of  rare  metals,  platinum,  platinum- 
rhodium  alloys  and  palladium.  In  roasting  ovens  for  the  catalysis  of 
hydrocarbons,  etc. ;  In  the  ceramics  Industry,  clrcon  porcelain  with  a 
high  mechanical  strength,  a  low  thermal  expansion  coefficient  and  low 
heat  conductivity,  good  dielectric  properties  and  a  high  chemical  sta¬ 
bility  is  produced  from  zircon.  The  zircon  porcelain  is  used  in  elec¬ 
tron-ray  tubes.  In  internal  combustion  engines  (sparkplug  insulator). 

In  the  production  of  high-voltage  insulators  (especially,  when  working 
at  high  temperatures)  and  of  milling  balls  for  mills  In  the  ceramic 
and  glass  industries.  The  refractoriness  of  the  zircon  and  Its  nonwet- 
tabillty  by  molten  metal  are  utilized  in  foundry  work.  Zircon  is  used 
as  a  molding  material  in  high-precision  casting,  in  the  preparation  of 
molding  paints  and  linings  of  molds,  which  reduce  significantly  the 
pickup  of  steel  and  certain  types  of  nonferrous  cast  materials  (alumin¬ 
um,  magnesium,  phosphor  bronze,  nickel  alloys);  It  is  also  used  in  the 
manufacture  of  very  stable  ceramic  paints  and  of  white  (opacifying)  en¬ 
amels;  In  the  production  of  zirconium  dioxide,  metallic  zirconium  and 
hafnium;  in  the  manufacture  of  zirconium  alloys  In  ferrous  and  nonfer¬ 
rous  metallurgy;  as  an  abrasive  in  sandblasting  devices  for  cleaning 
ceramics  after  biscuit  firing,  for  frosting  and  finishing  of  glass,  for 

cleaning  the  metal  surface  before  enameling,  etc.  (aside  from  the  ln- 
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crease  in  the  quality  and  speed  of  these  operations,  the  application 
of  zircon  instead  of  quartz  sand  considerably  reduces  the  cases  of  sil¬ 
icosis  of  the  workers);  as  an  addition  to  quartz  sand  (up  to  2-5%) 
which  serves  for  fireproof  and  acidproof  laboratory  vesse)..  having  a 
high  elasticity;  as  a  powder  for  the  h?at  insulation  of  hi->j- tempera¬ 
ture  devices  cm d  establishments;  as  a  chemically  inert  sut'-  .  in 
devices  working  at  high  temperatures  and  in  chemically  active  edia;  as 
a  stabilizing  filler  in  silicon  rubbers;  a  number  of  special  objects 
is  formed  by  casting  or  drawing  zircon  (gas-turbine  blades,  for  exam¬ 
ple);  as  a  technical  stone  for  the  bearings  of  precision  instruments; 
transparent  and  finely  colored  zircon  varieties  (hyacinth)  are  used 
as  jewels.  Zircon  concentrates  obtained  mainly  by  enrichment  of  zircon- 
containing  sands  and  composed  mainly  (by  90#  and  more)  from  zircon, 
are  used  in  industry.  The  requirements  of  industry  on  the  zircon  con¬ 
centrates  vary  strongly  according  to  the  purposes.  Especially  high  re¬ 
quirements  are  made  on  concentrates  which  are  used  without  chemical 
treatment  (refractories,  ceramics,  molding  mixtures,  etc.).  Zircon  con¬ 
centrate  containing  not  more  than  2#  iron  lxides  and  0.5#  alkalis,  sub¬ 
stances  which  reduce  the  refractoriness,  is  used  for  the  manufacture  of 
refractories.  Quartz,  forming  with  zircon  (when  present  in  a  quantity 
of  5#)  an  eutectic  with  the  melting  point  at  1675*,  is  a  harmful  impur¬ 
ity  in  concentrates  used  in  casting  or  in  the  manufacture  of  refractor¬ 
ies.  The  percentage  of  iron,  rare  earths  (cerium)  and  other  coloring 
components  must  not  surpass  0.1#,  and  that  of  titanium  not  1#  In  con¬ 
centrates  used  in  the  preparation  of  enamels,  porcelain,  and  glazes. 
Alaklls,  quartz  and  kaolin  are  useful  impurities  in  this  case.  Conce*  - 
trates  with  a  minimum  content  of  hafnium  are  required  for  the  prepara¬ 
tion  of  &  zirconium  appliable  in  nuclear  engineering,  where  hafnium  ' 
a  harmful  impurity.  Zircon  concentrates  used  for  the  production  of 
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ferroalloys  (f error irconium,  ferrosillcozlrconium,  etc.)  must  not  con¬ 
tain  more  than  0.05-0.0flj<  phosphorus  because  the  latter  Is  a  harmful 
Impurity  In  alloys. 

References :  Betekhtln,  A.O. ,  Mineralogiya  [Mineralogy],  Moscow, 
19S3;  Trebovaniya  promyshlennostl  k  kachestvu  mineral* nogo  syr*ya  [Re¬ 
quirements  of  Industry  for  the  Quality  of  Raw  Minerals],  2nd  Edition, 

No.  45;  Stepanov,  I.S.,  Tsirkonly  1  gafnly  [Zirconium  and  Hafnium],  Mos¬ 
cow,  1959;  Kaganovich,  S.Ya. ,  Proizvodstvo  1  prlmeneniye  tsirkonlya  v 
nekotorykh  zarubezhnykh  stranakh  [Production  and  Application  of  Zircon¬ 
ium  In  Some  Countries  Abroad],  Moscow,  1957;  Aleksandrov,  K.S.  and  Ry- 
zhova,  T.V. ,  Upruglye  svoystva  krlstallov  [Elastic  Properties  of  Crys¬ 
tals],  "Krlstallograflya”  [Crystallography],  1961,  Vol.  6,  No.  2,  pages 
289-314. 
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